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PREFACE 


This  volume  attempts  to  relate  human  factors  to  air  traffic  control.  There  are  several  ways  in 
which  this  might  he  done:  the  most  obvious  is  porhaps  to  road  and  distill  all  the  relevant  literature, 
give  an  interpretative  account  of  it,  and  allow  it  to  mirror  what  has  been  achieved.  Perhaps  as  an 
enterprise  this  is  no  longer  practical,  because  thousands  of  items  would  have  to  be  reviewed;  such  a 
passive  approaoh  also  smaoke  of  complacency,  for  whioh  there  is  no  justification;  the  recounting  of 
forgotten  findings  in  the  interests  of  completeness  seems  a  profitless  exercise,  a  guarantee  of  dullnoss. 
I  have  therefore  not  followed  this  approach. 

Instead  1  have  made  some  effort  to  broa'c  new  ground,  rather  than  fit  the  mould  of  other  toxts  or 
rehash  familiar  material.  I  have  tried  to  provide  somo  ideas  to  servo  as  a  stimulus  or  starting  point 
for  myself  and  for  others,  and  to  question  conventional  wisdom  on  appropriate  and  ovon  inappropriate 
occasions.  Perhaps,  having  pointed  out  traps  for  the  unwary,  I  have  still  been  caught  in  them. 

Many  major  references  and  sources  are  not  specifically  mentioned,  though  I  believe  they  are  covered 
indireotly  hy  citations  in  the  references  given.  Where  possible  1  have  tried  to  give  recent  references. 
Many  accounts  of  human  factors  work  in  air  traffic  control  are  not  written  for  a  human  factors  reader- 
ship,  and  do  not  contain,  the  essential  data  by  whioh  the  validity  of  th\  findings  might  be  judged  in 
human  factors  terms.  To  paraphrase  conclusions  could  invite  their  unwarranted  generalisation;  even 
recourse  to  the  original  source  does  not  always  ouffioo  to  establish  the  applicability  of  the  findings 
to  a  new  problem,  but  it  offers  tho  best  prospects  of  doing  so. 

The  terminology  associated  with  man-machine  systems  gives  rise  to  difficult loo  and  to  unfounded 
charges  of  bias.  A  human-machine  system  would  seem  to  be  a  kind  of  robot,  so  I  have  ruled  that  out  as  a 
useful  concept.  To  use  'man  and  woman*,  or  *his  and  hers',  throughout  a  text  of  this  length  iB 
initially  cumbersome  and  eventually  infuriating.  Conceptually  and  linguistically,  *man*  embraces 
'woman*,  and  is  used  throughout  to  include  both.  Other  terms,  suoh  as  controller,  supervisor,  assistant, 
monitor  and  operator,  are  also  intended  to  refer  to  both  men  and  women.  With  tho  oxoeption  of 
references  to  anthropometric  data,  no  distinotion  between  men  and  women  is  made  or  intended  in  this  text. 
What  a  pity  it  is  that  such  impartiality,  that  could  until  recently  be  taken  for  granted,  now  has  to  bo 
epelt  out. 

Many  friends  and  oolloaguos  in  human  factors  have  lent  their  willing  assistance.  With  the  single 
exception  of  Dr  E.P.  Buckley,  to  whom  ny  special  thanks  are  due,  it  would  be  invidious  to  give  names: 
to  imply  that  othors  endorse  views  that  they  may  not  agree  with  is  no  way  to  repay  their  kindnoss.  The 
sponoorohip  and  patience  of  the  Aerospace  Medical  Panel  of  ACARD,  and  the  support  of  the  Royal  Air 
Force  Institute  of  Aviation  Medicine  and  the  United  Kingdom  Civil  Aviation  Authority,  ore  gratefully 
acknowledged:  ny  views  are  not  necessarily  their  views. 

X  wish  to  thank  Mr  A.J.  Ilopkin  who  compiled  and  drew  Figures  1,  2  and  3,  the  Unitod  States  Federal 
Aviation  Administration  for  Figures  6  and  7,  and  the  United  Kingdom  Givi  *  Aviation  Authority  end 
Ministry  of  Defence  for  Figures  4,  5,  3  and  9.  My  wife  and  family  bav  supported  ny  self-imposed 
labours  wit  i  forbearance,  toleranco  and  quietness.  Mrs  M.  Fawcett  has  contributed  staunch  clerioal 
eupport  and  much  tiroless  fetching  and  carrying.  My  thanks  also  to  Mrs  W.  Mitchell  who  has  dono  all  the 
typing,  of  tho  text  itself  and  of  all  the  other  material  associated  with  it. 
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CHAPTER  1 
INTRODUCTION 


la  AIR  TRAFFIC  CONTROL 

The  purpose  of  air  traffic  control  is  to  ensure  the  safe,  orderly  and  expeditious  flow  of  air 
traffio.  To  aohieve  this  traditional  objeotive,  numerous  fractions,  employing  diverse  facilities  and 
aids,  are  fulfilled  collaboratively  by  air  traffic  controllers  (who  in  some  countries  are  called  air 
traffic  control  specialists  or  journeymen).  Except  near  airports,  controllers  cannot  see  the  airoraft 
under  their  control;  they  must  rely  nn  indireot  information,  provided  before  the  flight,  sensed  by 
ground-based  installations,  transponded  from  airoraft,  computed  from  collated  data,  or  spoken  by  aircrew 
or  by  other  controllers.  This  information  has  to  be  stored  and  sustained.  It  must  be  presented  to  the 
controller,  or  accessible  to  him,  in  a  form  that  he  can  use. 

A  modem  air  traffio  oontrol  system  is  a  complex  man -machine  system,  always  in  operation.  As  air  • 
traffio  continues  to  increase,  air  traffic  oontrol.  must  evolve  to  handle  it,  often  by  introducing  innova¬ 
tive  technology.  The  .-ole  and  functions  of  the  air  traffio  controller  may  change  accordingly.  The 
capabilities  of  the  controller  and  of  teohnology  must  be  harnessed  to  accomplish  their  shared  objeotive. 

The  interest  of  AGARD  in  air  traffic  control  and  its  problems  has  steadily  increased,  as  refleoted 
in  AGARD  meetings  and  publications.  A  comprehensive  two-voluma  survey  of  modem  air  traffio  oontrol  has 
appeared^,  and  throe  major  conferences  on  air  traffio  oontrol  have  attraoted  large  numbers  of  submitted 
papers  end  high  attendances2* 3, 4.  Several  AGARD  meetings  devoted  to  other  technioal,  specialist  or 
human  factors  themos  have  inoluded  papers  an  air  traffio  oontrol  or  drawn  examples  from  it5i°.  Human 
factors  aspects  of  air  traffio  oontrol  wore  considered  in  detail  some  twelve  years  ago?.  All  those 
AGARD  publications  include  papers  or  chapters  on  human  factors. 

Theso  AGARD  activities  typify  the  increased  world-wide  interest  in  air  traffio  oontrol,  for  which 
several  reasons  may  be  adduced,  ouoh  as  inoreased  densities  of  air  traffio  and  its  conoeqrant  regula¬ 
tion  and  roetriotion,  delays  imposed  on  the  travelling  public  by  air  traffio  control  in  the  interests  of 
safety,  rare  but  widely  publioised  airoraft  accidents  with  air  traffio  control  implications,  and  the 
occasional  involvement  of  air  traffio  controllers  in  industrial  disputes.  As  a  result,  air  traffio 
controllers  and  their  funotionB  now  receive  much  more  publicity,  both  favourable  and  unfavourable,  than 
they  once  did.  The  general  publio  has  beooma  more  oonaoious  of  air  traffio  oontrol,  more  inquisitive 
about  it,  and  more  eagor  for  reassurance  that  it  is  safe. 

There  is  no  simple  non-teohnical  introduction  to  the  principles  and  procedures  of  air  traffic  con¬ 
trol  to  meet  the  needs  of  the  enquiring  layman.  From  time  to  time,  descriptions  of  air  traffic  control, 
usually  at  a  partioular  place,  have  appeared  in  popular  magazines:  though  often  well  illustrated,  most 
of  these  accounts  are  unbalanced  and  ovor-dramatio.  Comprehensive  textbooks,  notably  those  of  Gilbert® 
and  of  Field",  presume  some  existing  interest  and  knowledge  on  the  part  of  the  reader.  Other  texts  are 
unsuitable  as  general  introductions  beoause  they  were  nevor  intended  to  serve  that  purpose  or  to  be  self- 
sufficient:  examples  are  manuals  in  use  in  various  countries  for  the  professional  training  of 
controllers,  and  texts  whioh  form  part  ofr  a  more  general  course*  A  comprehensive,  self-contained, 
well-illustrated  and  inexpensive  introduction  to  air  traffio  oontrol  would  meet  a  real  need.  It  is 
beyond  the  scope  of  this  volume  and  the  purview  of  its  author  to  attempt  to  provide  it  here. 

1b  HUMAN  FACTORS 

The  inoreased  interest  in  air  traffio  oontrol  has  its  counterpart  in  a  more  general  acknowledgement 
of  the  importanoe  of  human  faotors.  In  the  past,  when  the  value  of  hvuan  factors  was  often  queried,  the 
burden  of  proof  rightly  lay  with  the  human  faotors  specialist  to  show  that  he  had  a  worthwhile  contribu¬ 
tion  to  make.  Hus  was  true  in  air  traffic  oontrol  and  also  in  ether  applications  of  human  faotors. 
Nowadays,  human  factors  are  res peat able,  to  the  extent  that  conferences  on  many  topios  incluio  a  section 
on  hunan  factors  and  dwell  on  their  importance.  However,  this  avowed  concern  for  human  factors  often 
remains  more  nominal  than  actual,  and  in  only  a  few  instances  has  it  taken  the  praotical  form  of  a 
commensurate  inoreaaa  in  reoouroes  and  finding  for  human  faotors  worit  in  air  traffio  control.  To  insist 
that  a  proportion  of  every  contract  should  be  devoted  to  human  faotors  represents  progress  of  a  kind,  but 
cannot  guarantee  the  relevance  ir  valve  of  the  wort  that  ie  done.  It  may  imply,  wrongly,  that  every  human 
faotors  problem  must  have  a  solution. 

Skilled,  experienced  human  factors  effort  that  can  be  devoted  to  air  traffio  control  problems  is  in 
short  supply.  A  planned  and  progressive  expansion  of  the  available  effort  is  needed:  a  sudden  groBS 
expansion  oould  outstrip  existing  resources  and  impair  the  quality  of  what  is  uohiovod.  Many  fundamental 
human  faotors  issues  have  been  negleoted  in  favour  of  Bimpler  questions  amenable  to  quantitative 
experimental  methods.  This  experimental  approach  has  often  been  expedient  because  others  expect  human 
factors  data  to  be  faotual  and  speoifio.  unfortunately,  soma  human  faotors  problems  do  not  lend 
themselves  to  experimental  methods,  and  studies  of  them  cannot  yield  such  data. 

Human  factors  problems  in  air  traffio  oontrol  offer  a  ohallenge  at  the  present  time.  The  advent  of 
computer  sasistanoe  and  the  prospect  of  further  technological  advances  encroach  upon  the  traditional 
roles  of  man  in  the  air  traffio  control  system,  and  broaden  the  questions  whioh  human  faotors  specialists 
,.iust  tackle.  Some  of  the  human  factors  problems  whioh  new  technology  brings  may  be  enoountered  for  the 
first  time  in  air  traffio  control  contexts.  Any  untoward  conoequenoes  of  proposed,  system  changes  must  be 
foreseen  and  forestalled  well  in  advance,  because  most  air  traffio  control  systems  are  too  complex  to  be 
changed  readily  after  they  have  become  operational,  even  to  remove  major  defioienoies,  As  air  traffic 
oontrol  systems  evolve,  they  continue  to  pose  new  human  faotors  problems,  and  to  present  old  problems  in 
new  guise. 
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1c  THE  STRUCTURE  OP  THE  TEXT 

The  main  objectives  of  this  text  are  the  following: 

(1)  To  define  the  topics  that  lie  within  the  province  of  human  factors,  to  demonstrate  their 
relevance  to  air  traffic  control  and  to  indicate  what  is  known  about  each.  Tho  detailed  'Lis-; 
of  Contents*  is  intended  to  go  some  way  towards  fulfilling  the  firBt  part  of  this  objective. 

(2)  lb  show  how  the  application  of  human  factors  knowledge  can  oenefit  air  traffic  control,  and  to 
suggest  practical  forms  which  this  help  can  take.  Human  factors  should  be  able  to  assist 
everyone  concerned  with  air  traffic  control  in  some  way. 

(3)  To  examine  the  content  and  methods  of  human  factors  as  a  whole,  and  hence  to  provide  a  perspec¬ 
tive  for  the  assessment  of  past  and  future  applications  of  human  factors  to  air  traffic  control. 

(4)  Tb  relate  the  human  factors  problems  in  air  traffic  control  to  those  in  other  systems,  so  that 
problems  can  be  classified  as  general  or  as  specific  to  air  traffic  control,  and  treated 
accordingly,  and  to  define  outstanding  human,  factors  problems. 

(5)  Tb  oonsider  psychological  aspects  of  existing  and  envisaged  air  traffic  control  tasks  in 
relation  to  human  capabilities  and  limitations  and  to  current  psyoho logical  constructs,  and  to 
deduce  the  roles  which  man  could  fulfil  efficiently  in  air  traffic  control  systems. 

This  text  is  not  intended  to  be  a  literature  survey  or  a.  handbook.  A  comprehensive  review  of  the 
literature  would  have  to  oite  thousands  of  references,  many  of  which  are  obsoure  and  system-speoifio.  To 
quote  their  conclusions  would  invite  the  unwarranted  generalisation  of  their  findings.  In  any  case,  the 
literature  as  a  whole  does  not  represent  the  relative  importance  of  problems,  but  refloots  rather  the  ease 
with  which  they  can  be  studied  experimentally.  Host  of  the  references  mentioned  in  the  text  contain 
bibliographies . 

A  handbook  of  human  faotors  data  would  be  larger,  more  detailed,  yet  narrower  in  its  soope  than  this 
volume.  The  unoritioal  use  of  handbook  data  has  led  to  many  errors  and  misunderstandings  in  the  past,  and 
should  not  be  encouraged.  Human  faotors  handbooks'''' 1 12  oontain  much  data  applicable  in  principle  to 
air  traffio  control,  but  these  data  cannot  be  applied  valiuly  without  specialist  human  factors  knowledge 
on  their  interpretation  and  generality,  any  more  than  engineering  data  can  be  used  properly  by  those  with- 
no  knowledge  of  engineering. 

The  application  of  human  factors  data  also  involves  interdisciplinary  collaboration.  The  relations 
between  human  faotors  and  other  disciplines  should  remain  flexible  in  tho  interests  of  harmonious 
working.  Part  of  the  expertise  of  tho  human  factors  specialist  is  to  know  how  far  handbook  recommenda¬ 
tions  and  experimental  findings  can  be  compromised  to  meet  the  requirements  of  others,  and  when  they 
must  not  bo. 

It  is  necessary  in  all  human  factors  texts  including  this  one,  to  claasiiy  the  Bubject  matter  under 
various  topic  headings.  These  are  intended  to  impose  a  coherent  structure  on  the  contents,  help  tho 
reader  to  find  what  ho  is  looking  for,  and  ensure  that  all  topioe  are  „«vered  without  undue  repetition. 
This  classification,  though  exigent,  is  foreign  to  human  faotors,  ,  hi oh  are  essentially  interactive.  Tho 
full  ramifications  of  any  human  fnotors  problem,  even  the  simplest,  always  extend  to  several  topioe  and 
axe  never  confined  to  a  single  one.  Any  division  of  the  subject  matter  of  human  faotors  into  topios  is 
therefore  potentially  misleading  because,  by  separating  int-rinsioally  related  faotors,  it  underplays  the 
importance  of  tho  interactions  between  them.  Since  the  division  is  imposed  rather  than  natural,  it  may 
also  seem  arbitrary:  there  may  not  be  one  best  way  to  structure  the  subject  matter- 

Thie  text  considers  first  air  traffio  control  systems  and  human  faotoi s  in  relation  to  them.  Man  as 
a  system  component  and  tho  relovanoo  of  various  human  attributes  are  then  discussed.  Man's  funotions  in 
air  traffio  control  are  described,  together  with  desirable  oharaoteristlos  of  his  physical  working 
environment.  Having  considered  what  controllers  do,  their  facilities  and  their  working  environment  it  is 
possible  to  suggest  how  they  should  bo  selected  and  trained,  what  might  be  desirable  attributes  in 
controllers,  aid  what  they  need  to  know.  The  relevance  of  various  aspects  of  their  conditions  of 
employment  is  examined,  together  with  characteristics  of  the  controller  as  an  individual.  Questions  of 
measuring  controllers  and  of  conducting  human  faotors  research  on  air  traffio  control  problems  are  thon 
discussed.  The  human  factors  aspects  of  other  funotions  within  air  traffio  control  systems  are  briefly 
oxaminad,  and  the  text  concludes  with  suggestions  for  progress  in  applying  human  faotors  to  air  traffio 
oontrol. 
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THE  AIR  TRAmC  CONTROL  SYSTEM 
2a  PRINCIPLES  OP  AIR  TRAFFIC  CONTROL 

Air  traffic  control  seeks  to  maximise  or  improve  the  efficiency  with  whioh  airoraft  in  flight  fulfil 
their  objectives.  The  notion  of  effioienoy  inoludes  safety,  orderliness,  expedition  and  further  factors. 
The  relative  importance  of  such  factors  depends  on  the  objectives!  the  paramount  importance  of  safety 
may  be  easier  to  reconoile  with  .ivil  than  with  military  requirements. 

In  most  contexts,  air  traffio  control  achieves  its  objectives  by  keeping  aircraft  apart,  and  its 
efficiency  can  be  gauged  by  its  suooess  in  doing  so  without  excessive  or  unnecessary  disruptions  or 
penalties.  One  prinoipla  is  to  allooate  separate  regions  of  airspace  to  different  kinds  of  users  civil 
airoraft  may  be  confined  to  designated  routes  or  airways,  while  military  airoraft  fly  in  the  regions 
between  these  routes.  Airoraft  of  different  types,  desired  to  meet  different  objectives,  need  to  fly  at 
different  heights  and  speeds.  Air  traffio  control  fornalises  this,  so  that  some  categories  of  user,  for 
example  supersonic  transport  airoraft,  are  separated  en  route  from  other  traffic- primarily  by  height. 

Air  traffic  control  also  keeps  airoraft  within  the  same  region  of  airspace  safely  separated.  How 
far  apart  they  must  be  depends  on  international  rules  and  agreements,  whioh  in  turn  depend  on  factors 
such  as  the  quality  of  navigational  information  available.  The  permissible  minimum  separations  between 
airoraft  are  vary  different  for  traffio  in  mid-ooean  with  no  radar  coverage  and  for  traffio  over  a  land 
region  with  good  radar  ooverage  and  other  navigational  aids.  Separation  minima  are  given  in  terms  of 
flight  levels  (heights),  lateral  separations  (distance  between  parallel  routes),  and  longitudinal 
separations  (botwean  oonssoutive  airoraft  at  the  same  height  on  the  aarne  route,  usually  expressed  as 
distanoes  with  radar  ooverage  and  as  times  without  it).  Separation  is  maintained  strategioally  by  pre¬ 
planning  the  traffio  flow  before  and  during  flights,  and  tactically  by  instructing  the  pilot  of  a 
specified  aircraft  to  change  to  a  different  given  heading,  speed  or  height. 

Air  traffio  oontrol  achieves  its  objectives  by  issuing  instructions  to  pilots,  acceding  to  their 
requests  where  possible.  Pilots  vary  greatly  in  their  knowledge  of  air  traffio  control.  Many  will  havu 
an  understanding  of  common  radio  aids  to  navigation1^  which  provide  data  for  tliem  and  for  air  traffio 
controllers,  and  some  may  have  read  an  account  of  air  traffio  control  written  primarily  for  pilots1^,  but 
many  amateur  pilots  in  particular  do  not  have  a  comprehensive  understanding  of  air  traffio  oontrol,  its 
procedures  or  its  facilities. 

Even  under  favourable  conditions,  the  pilot  oan  seldom  see  much  of  the  other  air  traffio  around  him. 
He  may  glean  some  notion  of  it  by  listening  to  transmitted  conversations  between  air  traffio  controllers 
and  other  pilots  in  the  same  region  and  tuned  to  the  aarne  frequency,  and  this  knowledge  may  be  put  to 

practical  use  in  very  heavy  traffio  near  airporto  or  in  regions  with  an  inadequate  air  traffic  oontrol 

service.  In  the  future  he  may  have  a  cookpit  display  of  tho  air  traffic  around  him1 5.  If  the  air  traffio 

oontrol  system  is  to  remain  safe,  the  pilots  of  airoraft  under  control  must  never  initiate  unexpected 
manoeuvres  without  warning.  The  successful  planning  of  the  future  flow  of  air  traffio  is  based  on  the 
assumption  that  eaoh  aircraft  in  the  flow  will  behave  predictably  in  accordance  with  its  known  intentions. 
Air  traffic  control  in  its  present  form  relies  on  the  centralised  direction  of  the  air  traffio  under 
oontrol  within  a  region. 

In  some  flight  regions,  particularly  around  airporta  and  at  the  higher  levels  within  airways,  air 
traffio  oontrol  is  mandatory,  in  that  the  pilot  must  notify  the  controller  of  his  intention  to  enter  the 
region,  obtain  hia  agreement,  and  aocede  to  his  instructions,  within  the  limit  that  the  ultimate  res¬ 
ponsibility  for  the  sarety  of  the  airoraft  re  trains  with  the  pilot.  In  other  flight  regions,  notably  at 
lower  levels  and  away  from  ai rvaya  and  airports,  air  traffio  oontrol  may  provide  an  advisory  service  to 
those  who  request  it,  and  help  to  those  who  beooma  'lost  or  encounter  emergencies  in  flights  in  these 
-egions  there  may  be  some  ambiguiities  about  the  nature  of  t>"  air  traffio  oontrol  service  whioh  is  being 
provided. 

The  role  of  air  traffio  oontrol  depends  on  the  phase  of  flight.  Jbr  an  airoraft  flying  along  air¬ 
ways,  the  main  phases  of  flight  in  air  traffio  control  terms  inolude  the  followings 

(1)  Manoeuvres  within  the  confines  of  the  airport  and  its  immediato  vioinxty,  including  take-off 
and  landing. 

(2)  The  departure  from  an  airfield  and  the  final  approaoh  to  it. 

(3)  Manoeuvres  within  the  terminal  area  around  the  airport. 

(4)  The  transition,  usually  involving  climbing  or  descent,  between  the  terminal  area  and  oruieing 
flight  level. 

(5)  Cruising  en  route,  normally  at  constant  height  and  speed. 

For  air  traffio  oontrol  purposes,  airways  are  divided  into  sectors.  Ch  a  long  journey,  an  airoraft 
may  fly  through  many  sectors,  each  of  whioh  is  the  responsibility  of  a  different  controller  or  team  of 
controllers,  sometimes  at  different  centres  and  in  different  poultries.  Outside  radar  coverage,  for 
example  ovor  oceans,  air  traffio  oontrol  is  baaed  primarily  on  procedural  methods  where  eaoh  airoraft  is 
allooated  a  time  slot  at  a  particular  level  on  a  given  route,  and  the  pi  lot  reports  progress  periodically 
to  the  controller.  New  sources  of  navigational  information,  from  satellites  for  example,  may  lead  to 
revised  air  traffio  oontrol  procedures  for  auoh  regions  in  the  future1®. 

For  muoh  military  and  general  aviation  traffio  off  airways,  air  traffio  control  is  different  in 
certain  respects.  Cii  sad  around  airfields  end  sometimes  while  transiting  to  a  mission  area,  air  traffio 
oontrol  may  remain  comparable,  but  mandatory  and  tight  oontrol  over  air  movements  may  not  be  exeroised 
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thereafter,  and  indeed  would  he  incompatible  with  the  objectives  of  certain  military  flights. 

Air  traffic  control  must  achieve  its  objeotivea  within  nuaeroua  constraints.  Internationally 
agreed  rules,  procedures  and  agreements  must  be  observed.  Problems  must  be  solved  within  the  information 
and  facilities  provided,  whioh  sometimes  are  very  limited.  Air  traffio  control  must  oschew  solutions 
which  are  not  impartial,  or  whioh  incur  penalties,  delays,  disruptions  to  scheduling,  erratic  traffio 
flows,  excessive  noise  levels,  fuel  penalties,  eto.  Air  traffio  control  contains  a  hierarchy  of 
decisions*?,  and  the  solutions  of  any  prohlam  at  a  given  decision  level  must  not  violate  decisions 
higher  in  the  hierarchy.  Constraints  are  introduced  by  the  deei@o  of  the  system,  by  the  provision  of 
the  information  for  it,  by  the  agreed  procedures  to  be  followed,  by  the  extent  of  preplanning  and  by 
the  feasibility  of  ad  hoo  solutions  in  terms  of  airoraft  manoe uvrabi lity  and  available  airspace. 

As  aviation  prospers,  ths  number  and  variety  of  airoraft  inoreaao.  The  demand  for  air  traffio  oontrol 
grows,  along  with  the  competition  among  different  airspace  users  for  the  finite  airapaoe  available.  If 
more  airoraft  are  handled  safely  within  the  same  time  and  airspace,  they  tend  to  be  in  closer  proximity, 
better  navigational  information  is  required  about  all  of  them,  and  the  air  traffio  oontrol  problems 
which  they  posa  assume  greator  urgency  and  have  leas  flexible  and  more  constrained  solutions.  Automated 
aids  therefore  tend  to  rely  on  ealianoed  sensing  and  processing  of  navigational  information,  whioh  is 
then  employed  to  inoraaae  the  amount  of  air  traffic  that  each  controller  oan  handle.  Automated  aidB  may 
take  several  more  specific  forms,  including  the  collation  of  information,  the  computation  of  proposed 
solutions  to  problems,  and  the  prediction  of  future  states  of  the  traffic  under  oontrol.  These  in  their 
turn  oan  lead  to  a  reappraisal  of  the  planning  and  executive  roles  of  controllers,  of  the  kinds  of 
manual  assistance  and  supervision  of  controllers  whioh  could  still  be  provided,  of  the  structure  and 
fmotions  of  teams  of  controllers,  and  of  the  roles,  if  any,  whioh  controllers  should  fulfil  in  highly 
automated  systems. 

2b  INFORMATION  INFLUENCING  THE  AIR  TRAFFIC  CONTROL  SYSTEM 

Many  kinds  of  general  information  are  pertinent  to  the  purposes  and  procedureo  of  air  traffio  control, 
and  to  the  ways  in'whioh  air  traffio  is,  or  can  be,  controlled.  Although  they  oan  be  distinguished,  the 
various  kinds  of  information  are  not  wholly  independent  of  each  other.  It  is  desirable  to  be  aware  of 
this  general  information  when  considering  human  factors  problems  in  air  traffio  oontrol,  since  it  pro¬ 
vides  the  context  within  whioh  the  man-maohine  interface  must  be  considered  and  air  traffio  oontrol  tasks 
are  done. 

Some  of  the  main  classes  of  Information  are  the  following! 

(1)  General  rules  and  conventions.  These  cover  international  agreements  and  standards  on  air 
traffio  oontrol,  the  rules  of  the  air,  some  divisions  of  responsibility,  and  sums  legal  rights 
and  obligations.  Conventions  include  methods  for  classifying  traffio,  such  ub  eostbound, 
westboimcl  or  crossing,  and  en  route  or  off  route!  methods  for  dividing  airspace,  such  con¬ 
trolled  or  open,  and  upper,  middle  or  lower;  methods  for  describing  tho  type  of  air  traffio 
control  service  provided  or  offered,  such  as  procedural  or  radar,  and  aerodrome  or  area;  and 
methods  for  designating  separations,  such  as  lateral,  longitudinal  or  height,  and  distance  or 
time.  -Biess  all  influence  the  form  and  content  of  air  traffio  oontrol,  as  do  the  principles 
for  initiating,  maintaining  and  monitoring  a  flow  of  air  traffio. 

(2)  Specific  widely  adopted  praotioes.  In  addition  to  general  principles,  there  are  nuuerous 
particular  ones.  One  example  is  the  vertical  separation  of  airoraft  on  designated  routes  by 
1,000  foot  intervals  up  to  29,000  feet,  and  by  2,000  foot  intervals  thereafter.  Another  is  the 
comparatively  recent  lateral  separation  of  airoraft  traffio  on  North  Atlantic  routes  by  60 
aautioal  miles.  Under  this  heading  of  specific  widely  adopted  air  traffio  oontrol  praoti.oos 
ooroes  much  of  the  language  of  air  traffio  oontrol,  the  ICAO  alphabet,  the  wording  of  identi¬ 
fication  meesagee,  the  format  and  content  of  massages  giving  positional  data  or  predioted 
timos,  amd  so  on.  A  further  example  is  the  design  of  the  flight  atrip,  on  whioh  standardised 
information  about  eaoh  airoraft  under  oontrol  is  entered.  These  and  other  praotioes  influence 
some  of  the  training  standards  for  air  traffio  control. 

(3)  Characteristics  of  airoraft  and  of  airoraft  users.  Different  types  of  airoraft  have  different 
flying  characteristics,  in  terms  of  manoeuvrability,  endurance,  speeds,  optimum  climb  and 
descent  rates,  and  navigational  and  other  facilities  normally  carried  on  board.  Blair  physical 
interactions  with  following  airoraft,  in  ths  form  of  vortices,  also  difier.  Airlines  may  have 
different  polioies  and  preferred  praotioes.  Various  categories  of  user,  such  as  subBonio  or 
supersonio,  fixed  wing  or  rotaiy,  powered  or  itipowered,  are  subject  to  different  sir  traffio 
oontrol  regulations  and  priorities  regarding  whioh  categories  of  user  give  way  to  others. 

(4)  Geographical  regions.  Air  traffio  oontrol  is  influenced  by  tho  geographi cal  pattern  of  land 
and  water,  the  structure  of  ths  terrain,  population  densities  and  distributions,  and  land 
based  transportation  and  oommiaiioations  systems  whioh  collectively  affect  the  route  structure 
and  the  nature  and  density  of  air  traffio.  Politioal  divisions  and  be  Hilaries  may  bring  a 
need  for  air  traffio  oontrol  activities  by  determining  where  responsibility  for  controlling 
air  traffio  should  he  Transferred.  Terrain  characteristics  may  put  limits  on  the  oontrol 
whioh  oan  be  exercised,  on  the  data  whioh  oan  be  sensed,  on  the  location  of  airports,  and  on 
the  length  and  orientation  of  ruawsys. 

(5)  Air  traffio  oontrol  oentres  and  towers.  A  centre  serves  a  geographical  region,  and  a  tower  an 
airport.  The  number  of  centres  and  towers,  thoir  looations  and  facilities,  the  corammioa- 
tions  between  them,  and  tha  extent  to  whioh  they  axe  integrated  or  autonomous  inflience  the 
air  traffio  oontrol  procedures  and  practices  within  a  region.  Towers  may  be  categorised 
according  to  the  types  of  traffio  whioh  the  airfield  oan  handle  (commercial,  military,  general 
aviation,  eto),  the  mix  and  densities  of  traffio,  and  the  facilities  they  possess  (e.g,  radar). 
Tie  provision  of  suitably  equipped  oeutres  and  towers,  together  with  the  geographical 
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characteristics  of  the  region,  deiermineB  the  kind  of  air  traffic  control  service  which 
can  be  provided.  A  chart  for  each  major  airfield  gives  standardised  information  noout  it, 
inolvding  routes,  procedures,  aids  and  restrictions'”. 

(6)  Air  traffic  control  policy.  Generally  this  is  a  national  matter,  though  influenced  by  agreed 
international  standards,  and  sometimes  combined  across  groups  of  nations,  particularly  if 
they  are  geographically  adjacent  and  Bmall  in  area.  Policy  concerns  the  national  resources 
devoted  to  air  traffic  control,  the  planned  capacity  and  expansion  of  airports,  and  the 
location  and  provision  of  new  airports.  It  is  influenced  by  estimates  of  future  traffic 
demands  and  requirements.  Decisions  on  airports  and  traffic  demands  affect  polioies  on  airspace, 
routeing,  traffic  flows  and  facilities.  It  iB  in  relation  to  the  formulation  and  implementa¬ 
tion  of  policy  that  ecologioal  factors,  3ush  as  noise  abatement  and  fuel  conservation,  may  have 
greatest  infli»nce  on  air  traffic  control  practices  and  procedures.  There  are  policy  guide¬ 
lines  on  matters  such  as  manning  lBvels,  rosters,  and  general  conditions  of  employment  within 
air  traffic  control. 

(7)  Air  traffic  control  system  design.  The  system  is  designed  within  the  constraints  and  objectives 
set  by  defined  polioies.  The  design  covers  the  dotailed  specification  of  the  route  structure, 
off  route  regions,  arrangements  for  military  and  civil  traffic,  divisions  of  airspace,  the 
provision  and  looatiou  of  navigation  aids  and  facilities  i  .-tailed  on  the  ground,  together  with 
a  clear  statement  of  the  assumptions,  for  example  of  traffic  demands  and  mixes,  of  the  expected 
performance  of  envisaged  equipment  and  facilities  and  of  the  provision  and  functioning  of 
communications,  on  whioh  the  specification  is  based.  The  design  includes  concepts  of  the  ways 
in  whioh  the  system  is  intended  to  function,  end  these  concepts  are  developed  into  recommended 
procedures  and  instructions. 

(8)  The  nature  and  functioning  of  navigation  aidB.  Examples  of  aids  are  non  directional  beacons, 
area  navigation,  VHF  orani -range  equipment  (VOR),  and  direction  measuring  equipment  (EKE). 

Further  information  sources  own  include  doppler  VOR,  aircraft  inertial  navigation  systems,  and 
data  derived  from  satellites.  There  may  be  data  links  for  the  automatic  transmission  of  data 
between  the  aircraft  and  the  air  traffic  control  system,  and  in  future  aircraft  may  have  in  the 
cockpit  a  display  of  the  air  traffic  pattern  around  them.  The  air  traffic  oontrol  system  may 
ix' a  primary  radar  or  secondary  radar  information  with  transponders  giving  squawk  identity 
(IFF)  or  mode  C  height1 The  methods  for  integrating  navigational  information  from  various 
sources  for  air  traffic  control  purposes  are  also  relevant. 

(9)  Facilities  at  the  workspace.  These  include  its  planned  capacity  for  handling  traffic;  communi¬ 
cations  recourses;  faoilities  for  receiving,  storing  and  using  data;  the  means  for  displaying, 
updating  and  modifying  information,  and  for  denoting  information  states;  and  the  specification 
of  i'aoilitisa  for  use  by  the  controller  in  performing  his  task. 

(10)  Short  term  or  temporary  information.  Instructions  on  temporary  restrictions  and  thsir  duration, 
regularly  updated  sources  of  information  such  an  certain  charts,  notifications  to  airmen  and 
other  relevant  regulations,  and  serviceability  states  and  official  hours  of  use  of  equipment 
items,  can  be  listed  under  this  heading.  Various  job  aid3  or  facilities  may  be  provided  for 
temporary  usage  or  for  evaluation  purposes.  Meteorological  information,  and  much  data  from 
flight  service  stations  and  flight  information  services,  also  come  under  this  heading. 

(11)  Current  dynamic  transient  information,  this  refers  to  information  within  the  air  traffic  con¬ 
trol  system  about  the  airoraft  with  whioh  the  system  iB  currently  concerned,  and  to  specific 
data  about  those  aircraft.  Its  basis  is  data  from  schedules,  flight  plans,  missions  or 
exercises  used  to  anticipate  traffic  loadings,  to  plan  air  traffic  oontrol  procedures,  to 
anticipate  and  forestall  air  traffic  oontrol  tactical  problems,  and  to  control  and  regulate  the 
traffic  flow.  The  flight  plan  or  mission  information  is  updated  according  to  the  actual 
departure  time  of  airoraft,  and  thereafter  the  position  and  location  of  each  aircraft  in 
relation  to  its  route  are  continuously  updated  by  means  of  data  sensors  on  tho  ground,  trans- 
poaded  or  transmitted  messages  from  the  aircraft,  computed  or  manual  extrapolations,  and  speech. 
The  controller,  himself,  in  terms  of  his  training,  skills,  experience  and  knowledge,  is  a 
major  source  of  information  in  the  system  in  relation  to  current  information. 

2c  INFORMATION  AVOIDABLE  TO  THE  CONiHOLLEH 

The  particular  information  sources,  to  which  the  individual  air  traffic  controller  lias  access  while 
performing  his  tanks,  depend  on  his  planned  role  in  the  air  traffic  oontrol  system  and  on  the  facilities 
with  which  ho  has  accordingly  been  provided.  The  latter  reflect  tho  nature,  variety  and  density  of  his 
expected  traffic,  and  also  to  some  extent  the  national  policies  towards  air  traffic  control  of  the 
country  within  which  he  works. 

Much  of  the  human  factors  work  on  air  traffic  oontrol  has  concerned  the  performance  of  tasks  by  the 
controller,  that  is,  aspects  of  the  usage  by  him  of  ourrent  dynamic  information.  The  role  of  his  back¬ 
ground  knowledge  and  experience  about  air  traffio  oontrol  in  general  and  about  the  particular  air  traffic 
oontrol  system  he  is  concerned  with  has  received  far  less  attention,  yet  is  of  crucial  importance.  Anyone 
who  lackB  the  controller's  knowledge  and  experience  cannot  do  his  tasks  or  make  much  sense  of  the 
information  on  his  displays. 

The  main  information  available  to  the  controller  at  his  workspace,  as  distinct  from  information 
entering  the  air  traffio  oontrol  system  or  inherent  in  the  system  design,  can  bo  categoriood  under  the 
following  headings: 

(1)  Information  provided  at  a  speoifio  operating  position.  This  covers  the  general  information 

needed  for  designated  tasks  and  responsibilities  at  that  position,  and  the  methods  chosen  for  its 
depiotion.  Such  information  may  be  represented  in  various  ways.  It  includes  data  on  the 
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geographical  area  of  oontrol  responsibility  and  on  related  parts  of  adjacent  areas,  and  on 
their  structure  and  boundaries,  in  the  form  of  maps,  radar  displays  or  job  aids*  It  deals  with 
routes,  reporting  points,  danger  zones,  restrictions  in  foroe,  and  navigation  aids.  It  covers 
frequencies  allocated  for  oontaot  with  pilots  and  other  controllers,  and  procedures  and  facili¬ 
ties  for  liaison,  oo-ordination,  acceptance,  acknowledgement  and  handover.  It  includes  control 
devices  and  other  equipment  items,  and  their  labelled  functions,  wit.’  the  responsibilities 
which  their  provision  implies. 

Information  for  the  controller  is  inherent  in  the  evidence  of  the  planned  traffic  handling 
capacity  of  the  control  position  which  is  implied  by  the  size,  format  and  layout  of  electron  - 
oaliy  generated  tabular  information  displays  or  flight  strip  boards.  There  iB  further 
information  implicit  in  the  categories  of  aircraft  information  ohosen  for  depiction,  and  in  the 
relative  importance  of  those  categories  as  reflected  in  their  sequence,  coding,  visual 
prominenoo,  and  method  of  depiction,  and  in  the  layout  and  blocking  of  displayed  information 
whioh  moy  also  hint  at  the  degree  of  association  between  information  categories.  Additional 
information  is  provided  by  the  detailed  contents  of  displays,  by  the  provision,  or  lade  of,  a 
primary  and/or  secondary  radar  display  or  of  elsotronically  generated  labels,  by  electronic, 
printed  or  hand  written  tabular  displays  of  data,  and  by  the  extent  to  which  pending  as  well  as 
actual  traffic  is  or  can  be  shown.  The  controller  may  also  have  various  manuals,  instructions 
and  job-aids,  *.)_  interpretation  and  relevance  of  whioh  vary  with  his  operating  position. 

The  controller's  immediate  workspace  shows  not  only  the  information  sources  which  are 
available  to  him  but  also  these  which  are  or  could  be  in  ubb,  in  the  forms  of  facilities  selec¬ 
ted  or  uuselected  and  of  serviceability  states.  Occasionally  there  may  be  some  implicit 
indications  of  the  quality  or  reliability  of  the  information  portrayed,  for  example  in  the 
precision  of  the  units  in  whioh  digital  information  is  expressed,  or  in  the  visual  appearance 
of  the  echoes  on  a  primary  radar  display. 

An  experienced  controller  can  tell  a  great  deal  about  the  f motions  that  are  possible  at 
a  specific  operating  position,  and  the  timescale  for  doing  them,  simply  by  examining  in  detail 
the  sources  of  information,  equipment  and  facilities  that  are  provided  there.  Thsir  provision 
or  absence  is  itself  a  major  source  of  information  to  him  about  what  is  expeoted  and  what  is 
possible  at  that  position. 

(2)  General  information  about  the  air  traffic.  ThiB  covers  the  traffic  within  a  region  or  pending, 
information  on  whether  it  is  under  oontrol  or  not,  the  typo  of  oontrol  service  being  given,  the 
cont.  'ller  responsible  for  it,  the  divisions  of  responsibility  for  traffic  among  controllers, 
and  facilities  and  aids  in  use.  It  alBo  inoludes  less  direct  but  Btill  general  information 
about  the  traffic,  such  as  its  density,  distribution,  mix  of  aircraft  types,  bunching,  smooth¬ 
ness  of  flew,  and  loading  on  the  system.  Ubder  this  heading  it  is  alBO  appropriate  to 
consider  information  relevant  to  the  oontrol  of  all  airoraft  within  the  region  at  a  particular 
time,  for  example  information  about  meteorological  conditions. 

(3)  Specific  information  about  each  flight.  This  category  contains  two  kinds  of  information,  about 
the  airoraft  and  about  the  flight.  Details  of  the  airoraft  itself  are  its  broad  classification, 
ouch  as  civil  or  military,  its  airline  or  air  force  if  applicable,  its  typo,  its  identity  and 
callsign,  and  navigational  facilities  carried  on  board.  Details  of  the  particular  flight 
cover  its  flight  plan,  point  of  departure,  planned  route  and  destination,  current  status,  and 
points  along  the  route  at  whioh  up  to  date  information  is  expeoted. 

(4)  Dynamic  information.  Information  about  each  flight  voder  oontrol  is  maintained  automatically 
or  manually.  It  may  be  brought  up  to  date  or  renewed  regulariy  or  intermittently,  at 
designated  times  or  locations,  or  whenever  it  ohaages.  Such  information  includes  the  current 
position  of  the  aircraft,  its  height,  heading  and  speed  and  planned  or  agreed  changes  in  height, 
heading  or  speed,  its  proximity  to  other  aircraft  and  its  relationship  to  airoraf*  \‘tr .  h 

ore  crossing  or  flying  in  the  opposite  direction.  Information  on  its  position  n-  .  ■  -fated 
to  the  airway  if  applicable,  to  tbo  traffic  flow,  to  navigational  sensors  and  a’  .0 

controller  responsibi  litiee  such  as  acceptances  and  handovers. 

(5)  Information  derived  from  computers.  This  may  take  the  form  of  data  whioh  are  kept  up  to  date 
on  +.h6  oontrollsr'3  displays  automatically  or  are  presented  to  him  automatically.  Data  whioh 
have  been  sensed  and  stored  may  be  used  for  computations  .forming  the  basis  of  various  aids, 
such  os  conflict  detection,  conflict  resolution,  auto  alert,  and  predictions  of  future  traffic 
states.  Information  from  computers  may  also  be  available  to  the  controller  on  request,  if 

he  has  appropriate  facilities  for  its  selective  retrieval  and  display. 

(6)  Information  from  direct  viewing  of  aircraft.  Such  information  is  generally  available  only  to 
controllers  in  towers  at  airports,  mainly  in  daylight.  Nevertheless  the  controller  may  be  able 
to  see  the  aircraft  using  an  airport  while  they  are  in  the  oontrol  cirouit,  on  the  final 
approach,  landing,  taxying,  taking-off  or  departing,  or  he  may  see  airoraf'1.  transitting  the 
airport's  oontrol  zone. 

(7)  Information  in  the  form  of  speech.  The  controller  converses  with  pilots,  with  his  fellow  con¬ 
trollers,  with  other  memoers  of  the  same  control  team  suoh  as  supervisors  or  assistants,  and 
sometiraea  with  people  fulfilling  different  roles  within  the  same  system  such  as  technical  and 
maintenance  staff.  Speech  may  be  Aireot  face  to  faoe  conversation,  speech  by  telephone  or 
speech  by  r/t  links.  It  may  bo  an  alternative  to,  or  replaced  by,  information  transmitted  by 
other  means.  In  the  future  there  may  be  automated  speech  synthesis  and  recognition. 

(8)  Information  from  the  controller's  oolleaguss.  As  well  as  giving  and  receiving  information  by 
speech,  the  controller's  colleagues  may  convey  information  to  him  by  their  actions,  their 
attitudes,  their  proficiency,  their  procedures,  and  the  standards  of  performance  associated 
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with  each  watch,  supervisor,  or  team  of  controllers.  Each  controller  obtains  muoh  incidental 
information  which  conveys  to  him  what  da  colleagues  expect  of  him. 

(9)  Temporal  information.  The  controller  norma.ll''  has  a  clock,  and  often  irokeo  plans  in  terms  of 
the  expected  timing  of  future  events.  He  is  also  influenced  by  broader,  categories  of  temporal 
information  which  he  is  aware  of  but  fre  w.  displayeu  uo  him,  such  as  expected  times  of  peak 
traffic  flows,  the  pattern  of  his  woi'-xeBt  cycles,  and  the  time  of  the  end  of  his  watch  when 
he  is  due  to  hand  over  has  responsibi  .ities  to  another  controller. 

(10)  Individual  ability  and  knowledge.  The  professional  knowledge,  ability,  experience  and  skill  of 
the  individual  controller  constitute  the  largest  single  source  of  information  available  to  him 
at  hie  workspace,  and  the  basis  on  which  he  interprets  all  the  other  information.  Although  in 
emergency  or  system  failure,  safe  air  traffio  control  may  continue  for  a  time  in  the  absence 
of  certain  kinds  of  information,  the  controller’s  own  professional  knowledge  is  indisponsible. 

2d  CUSSES  OP  USER 

The  users  of  air  traffio  control  can  be  oategorisod  in  several  ways.  The  main  practical  distinction 
is  perhaps  that  between  commercial,  military  and  general  aviation  traffio.  This  classification  overlaps 
to  some  extent  with  that  between  aircraft  wit  inn  controlled  airspace  and  aircraft  outside  it.  A  further 
distinction,  normally  applicable  only  outside  airways,  is  between  aircraft  which  are  receiving  an  air 
traffio  control  service  and  those  which  are  not.  Among  the  piajtical  differences  in  air  traffio  control 
according  to  olaos  of  user  are  the  type  of  control  exeroised,  its  legal  status^,  the  purposes  of  flight,  the 
types  of  equipment  commonly  installed  in  Pircraft,  and  the  probable  knowledge  of  the  pilot  about  air 
traffio  control  facilities  and  procedures.  A  further  related  distinction  in  air  traffio  control  concerns 
the  maximum  number  of  airoraft  under  the  control  of  a  single  controller  concurrently:  this  nxeber  is 
generally  much  higher  in  commercial  and  general  aviation  than  military  aviation,  where  the  roles  and 
procedures  of  air  traffio  oontrol  are  different. 

Air  traffio  oontrol  of  commercial  pasaanger-carrying  flights  along  airways  betuean  major  airports  is 
most  familiar  to  the  general  public  and  has  received  ..cat  attention  in  research  and  evaluations.  Pilots 
of  commercial  airoraft  are  us  sally  familiar  wit  .  air  traffic  contiol  procedures  and  fly  airoraft  rela¬ 
tively  well  equipped  to  use  on-board  or  ground-based  navigation  aids.  They  are  also  familiar  with  air 
traffio  control  oommuni cations,  although  some  may  have  iiff.i  u.'.ty  in  speaking  or  vuderotanding  English, 
the  international  language  of  air  traffio  oontrol.  Noriw.i’  ,  commercial  airoraft  follow  air  traffio  control 
instructions,  but  the  controller  has  relatively  little  time  to  devote  to  each  in  busy  traffio,  and  has  the 
further  tasks  of  keeping  aircraft  safely  separated,  maiatciaing  a  smooth  traffio  flow,  ensuring  that  the 
information  on  airoraft  is  kept  up  to  date,  and  minimising  delays.  Although  the  pilove  of  coomeroial 
airoraft,  particularly  near  airports  with  which  they  are  unfamiliar,  may  not  always  have  full  knowledge 
of  appropriate  procedures  and  routings,  nevertheless  from  an  air  traffio  oontrol  point  of  view  their 
responses  to  instructions  are  relatively  similar  and  predictable:  it  is  therefore  possible  for  the 
controller  to  provide  a  uniform  air  traffio  oontrol  service  for  all  euoh  airoraft  aider  his  control. 

General  aviation  covers  a  great  variety  of  airoraft  flightB.  At  one  extreme  ore  airoreft  equipped 
to  full  commercial  standards  with  experienced  pilots  following  air  routes .  At  the  other  extreme  ore 
airoraft  fitted  with  the  mini  nun  permissible  aids,  and  pilots  who  are  inexperienced  or  lost  and  unfami¬ 
liar  with  air  traffic  control  procedures  and  with  the  terrain  over  which  they  are  flying.  The  controller 
of  general  aviation  traffio  may  have  a  high  workload  in  that  he  has  to  control  a  large  numbar  of  aircraft 
and  must  not  act  on  presumptions  about  serviceable  facilities  in  the  airoraft  or  experience  and  uniformity 
of  responses  among  the  pilots.  The  controller  may  have  no  knowledge  about  some  general  aviation  airoraft 
in  his  airspace,  or  may  know  of  their  presence  but  be  unable  to  oentaot  them  or  to  ascertain  their 
intentions.  The  controller  of  general  aviation  traffio  may  have  an  advisoiy  role,  and  the  initiative  may 
lie  with  the  pilot  as  to  whether  he  wishes  to  have  an  air  traffio  control  service.  Sometimes  the  pilot 
may  make  incorrect  assumptions  about  the  nature  of  the  air  traffio  oontrol  service  he  ie  receiving,. 

While  the  pressures  to  expedite  general  aviation  traffio  may  be  lees  than  those  for  commercial  airoraft, 
a  larger  variety  of  problems  for  the  controller  can  arise  with  general  aviation  airoraft.  The  nature  of 
general  aviation  traffio,  and  the  locations  of  the  air  traffio  oontrol  facilities  for  controlling  it, 
make  it  less  likely  that  the  controller  will  have  access  to  automated  aids  when  dealing  with  it.  Certain 
kinds  of  traffio  pose  their  own  air  traffic  oontrol  problems.  Examples  are  agricultural  oiroralt, 
emergency  flights  and  flights  by  he li copters. 

The  controller  of  military  air  traffio  is  usually  responsible  for  fewer  ai reraft  but  is  providing 
them  with  a  different  kind  of  air  traffio  oontrol  servioe.  Hs  may  hove  the  advantage  of  considerable 
standardisation  of  pilot  behaviour  in  certain  types  of  mission  and  manoeuvre  and  this  predictability  may 
sometimes  facilitate  pre-planning.  Kowevert  certain  missions  require  freedom  of  manoeuvre.  Muoh  of  litary 
traffio  does  not  follow  airways  or  designated  routes  but  has  to  bo  co-ordinated  with  other  traffio  with  a 
minimum  of  interference  with  itB  mission.  The  variety  of  military  roles  does  not  permit  olooe  control  of 
military  airoraft  at  all  times  for  air  traffio  oontrol  purposes.  The  military  controller  may  be  oonoernei 
with  the  limits  of  a  region  within  whioh  one  or  more  military  aircraft  may  nwuioeuvre  freely  and  also  with 
the  current  positions  of  those  manoeuvring  airoraft  so  that  safe  separations  between  them  and  other 
traffic  oan  be  maintained. 

The  competing  requirements  of  different  classes  of  user  are  partlv  allowed  for  by  pre-planning  and 
by  the  allocation  of  regions  of  airspace  for  different  purposes  and  users.  However,  these  differing 
requirements  cannot  be  reconciled  entirely  by  pre-planning;  from  time  to  time  the  individual  controller 
may  have  to  resolve  conflicting  olaimB  between  different  classes  of  user  in  the  airspace  wider  his  oontrol, 
and  show  impartiality  in  doing  so,  within  the  constraints  of  the  generally  acknowledged  priorities  and 
orders  of  precedence  accorded  to  different  olasses  of  user.  The  existence  of  different  r'’^s808  of  user, 
with  different  air  traffio  control  procedures  and  requirements,  oarries  the  implication  that  sometimes 
aircraft  in  the  eame  airspace  may  be  wider  the  control  of  different  controllers,  with  the  consequent 
reliance  on  effective  liaison  between  controllers,  and  on  complete  freedom  from  ambiguity  in  all  ueseigeB 
and  procedures,  in  order  to  ensure  the  safe  separation  of  the  aircraft. 
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26  AIK  TRAFFIC  CONTROL  AND  THE  PILOT 

The  relationship  between  air  traffic  control  and  the  pilot  has  begin  to  change  considerably  in 
recent  yearn  and  seems  likely  to  oontinue  to  do  so.  As  long  as  spoken  messages  between  the  controller 
and  pi  lot  formed  the  main  basis  for  agreed  actions  and  manoewres  for  air  traffic  control,  each  treated 
speech  as  the  primiy  means  of  convoying  information  to  the  other*  Now  and  in  the  future,  much  of  the  in¬ 
formation  about  the  aircraft  needed  for  air  traffic  control  purpoees  can  be  transponded  direotly  from  the 
aircraft  to  the  ground,  without  direct  participation  by  the  pilot  or  the  controller.  Neither  therefore 
may  know  it  without  looking  at  appropriate  displays.  This  transponding  saves  speeoh  workload  for  both, 
but  means  that  the  incidental  advantages  of  speeoh  as  a  memory  aid  have  been  lost.  There  are  also 
fewer  spoken  messages  for  the  pilot  and  controller  to  overhear  about  other  traffics  eaoh  may  need  to 
glean  information  about  the  general  traffio  situation  from  other  sources. 

The  role  of  the  pilot  in  relation  to  air  traffio  control  would  aleo  change  in  the  event  of  the 
installation  of  a  display  in  the  coakpit  showing  the  pilot  the  other  air  traffic  near  him.  Ibis  is  tech¬ 
nically  feasible  and.  raises  the  questions  of  what  should  be  depioted  on  it2*-1,  and  of  where  the  initiative 
for  making  manoeuvres  and  the  responsibility  for  manoeuvres  should  lie. 

At  the  preeent  time,  the  pilot,  particularly  the  international  comraarodal  pilot,  recognises  that  the 
air  traffio  control  service  he  receives  varies  greatly  in  different  parts  of  the  world,  aoooraing  to  the 
expertise  of  oontr-ollers,  the  facilities  installed  on  the  ground  ani  their  serviceability,  the  traffic 
densities  whioh  the  air  traffio  centre  1  system  is  designed  to  handle,  and  the  relative  status  and  impor¬ 
tance  assigned  to  air  traffic  oontrol  and  controllers  'n  tarn's  of  the  allooatlon  of  national  resources. 

To  some  extent  the  pilot  therefore  learns  to  adapt  to  the  kind  of  air  traffio  control  service  he  expects 
to  receive,  and  pilots  may  themselves  faoilitate  the  smooth  flow  of  air  traffio,  mainly  by  listening  to 
R/T  transmissions,  and  deducing  traffio  patterns  from  them. 

The  controller  also  adapts  to  ths  pilot.  He  becomes  acquainted  with  the  different  priorities, 
polioies,  and  procedures  of  various  airlines.  He  acquire"  considerable  knowledge  of  the  pilot's  task, 
so  that  he  has  some  insight  into  the  oonsequenoas  of  his  instructions  for  the  pilot,  and  may  he  able  to 
adjust  the  timing  of  some  of  them  to  avoid  periods  when  the  pilot  is  likely  to  be  moot  heavily  loaded. 
National  policies  differ  on  whether  the  air  traffio  controller  should  himself  be  a  pilot,  and  on  ths 
amowt  of  experience  of  the  cockpit  environment  and  tasks  whioh  the  air  traffio  oontroller  should  possess. 
There  are  also  some  anomalies s  the  pilot  ultimately  has  legal  responeibi lity  for  the  safety  of  Me 
aircraft,  yet  the  safety  and  efficiency  of  the  air  traffio  oontrol  system  and  the  smooth  flow  of  traffio 
presume  that  each  pilot  will  obey  air  traffio  oontrol  instructions.  Without  the  willingness  of  pilots 
to  follow  instructions  it  would  not  be  possible  to  plan  air  traffio  control  or  to  provide  a  safe  oir 
traffio  oontrol  service. 

Different  olaeses  of  user  have  different  air  traffic  oontrol  requirements,  and  therefore  the  rela¬ 
tionship  betweon  the  air  traffio  controller  and  the  pilot  varies.  Host  studies  have  been  of  oomaeroial 
aviation,  but  the  needs  of  the  military  pilot  oan  be  very  different,  and  so  can  many  of  the  needc  and 
control  practices  ascooiated  with  general  aviation.  Hie  closest  interactions  between  the  controller  and 
most  pilots  occur  near  busy  airports.  For  example,  if  a  pilot  requests  speoial  clearance  to  overfly 
the  contr.l  zone  of  the  airport  itsolf  at  low  level,  and  this  request  is  granted,  the  pilot  is  being 
given  an  individual  eervico  by  the  oontroller,  rather  than  being  treated  as  on«  of  many  similar  pilots 
with  airoraft  in  the  same  traffio  flow. 

In  present  systems,  pilots  and  controllers  can  make  assessments  about  each  other  based  on  speech. 
Those  informal  assessments  may  be  of  such  factors  as  competence,  confidence,  and  helpfulness,  file  pilot 
makes  judgements  on  the  quality  of  the  air  traffic  control  service  which  ho  receives  and  on  the  apparent 
competence  of  the  controllers  who  are  providing  it.  The  oontroller  makes  juigements  of  the  apparent 
experience  of  the  individual  pilot,  of  the  extent  to  which  he  appears  to  be  familiar  with  ths  region  in 
whioh  ne  is  flying  and  with  the  relevant  air  traffio  oontrol  procedures,  and  of  Ms  propensity  to 
behave  uuprediotably,  and  the  oontroller  treats  the  piloc  and  Ms  airoraft  according  to  these  judgements. 
Whether  or  not  such  assessments  are  in  faot  oorreot,  they  do  have  an  inflixmoa  on  the  oonteut  and  pace 
of  spoken  messages21,  and  on  the  attitudes  of  controllers  and  pilots  to  each  other. 

Normally  when  air  traffic  control  is  studied,  particularly  ty  real-time  simulation  methods,  pilots 
are  simulated,  but  not  by  professional  pilots.  Similarly,  when  studies  are  oonduoted  of  pilots,  in 
flight  simulators  for  example,  and  it  is  necessary  to  simulate  the  air  traffic  control  aspects  uf  their 
tasks,  controllsrs  are  simulated,  but  not  by  professional  controllers.  In  both  oases  therefore,  part  of 
the  simulation  is  in  some  respeoto  unrepresentative  and  not  fully  realistic.  It  is  rare  to  find  full 
Beale  simulations  of  a  single  synthesised  system,  with  real  pilots  and  real  controllers  both  fulfilling 
their  actual  roles. 

Just  as  the  air  traffio  oontroller  may  be  considered  as  an  element  or  component  of  the  air  traffic 
oontrol  system,  so  the  pilot  may  be  considered  as  an  element  of  the  man-macMne  system  oonstituted  hy 
an  airoraft  in  flight,  individual  pilots  and  airoraft  may  also  be  treated  as  elements  of  the  larger 
system  comprising  the  air  traffio  pattern  witMn  a  region.  Much  research  has  been  done  on  the  extent  to 
wMoh  the  pilot  can  be  modelled  as  a  system  component22,  but  comparabls  efforts  have  not  been  made  to 
model  the  air  traffio  controller.  Wie  characteristics  of  the  pilot  as  a  system  component  have  primarily 
been  related  to  the  e“fioienoy  with  whioh  he  performs  the  tasks  of  flying  the  airoraft  and  to  the  kinds 
'  f  descriptions  whioh  can  help  to  explain  how  he  behaves  in  that  role,  rather  than  to  the  wayo  in  wMoh  he 
cerates  to  the  air  traffio  control  system  or  responds  to  air  traffio  oontrol  instructions. 

Vagaries  in  the  organisation  of  and  facilities  for  research  have  emphasised  the  divisions  between 
grovnd  baaed  air  traffio  control  systems  and  the  pilot's  role  in  the  air.  Research  and  evaluation 
facilities  tend  to  be  concerned  either  with  air  traffio  oontrol  systems  or  with  oookpita.  This  has  xed 
to  tha  comparative  neglect  of  the  interactions  between  real,  as  distinot  from  simulated,  air  traffio 
controllers  and  pilots,  because  of  tho  practical  difficulties  of  conducting  suoh  otuiios  and  of  con¬ 
sidering  in  detail  the  airoraft  and  the  tasks  witMn  them  at  the  same  time  as  the  corresponding  tasks 
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of  controllers  on  the  ground. 

A  major  concern  of  pilots  ia  with  the  effects  of  air  traffio  control  on  air  safety2^.  Their  mis¬ 
givings  centre  on  the  consequences  for  the  pilot  of  errors  by  the  controller,  who  is  a  main  source  of 
the  rare  system  errors  which  ocour24,  and  on  the  occurrence  of  system  induced  errors.  These  illustrate 
that  a  specific  human  error  can  often  he  attributed  to  a  flaw  or  lindtation  in  the  system  design,  that 
insufficient  effort  has  been  devoted  to  the  study  of  the  aetiology  and  prevention  of  system  induced  human 
errors,  and  that  broad  policy  decisions  are  often  taken  either  in  ignorance  of  their  known  huxsan  factors 
implications  or  with  a  refusal  to  accept  therr.2; 1 26 ,  Not  only  do  "many  human  factors  people  harbour  a 
hard-earned  skepticism  toward  anyone  who  oleums  that  any  system  is  going  to  automate  human  error  away "26, 
but  many  pilots  end  controllers  share  this  view  on  ovidonoe  whioh  is  equally  hard-earned. 

2f  NATIONAL  AND  REGIONAL  VARIATIONS 

There  are  major  international,  national  and  local  variations  in  the  problems  and  practices  of  air 
traffic  control,  to  the  extent  that  these  are  often  the  main  determinants  of  the  particular  forms  in 
whioh  human  factors  problems  arise.  The  quality  of  air  traffio  control  is  far  from  uniform  throughout 
the  world,  and  there  are  major  differences  in  the  status  of  controllers  and  in  their  oonditiona  of  employ¬ 
ment27. 


Qr.a  source  of  variation  is  the  amount  of  traffio.  Air  traffio  control  systems  are  intended  to  meet 
a  demand.  Manning  levels,  installed  equipment,  the  information  available  in  the  system,  and  the  methods 
for  organising  and  conducting  air  traffio  control  a1 1  depend  on  what  the  demand  ia,  what  its  peak  is 
likely  to  b„,  how  it  is  distributed  during  the  day  and  seasonally,  and  what  other  services  related  to  air 
traffio  control  are  provided. 

A  related  source  of  variation  is  the  mix  of  traffio.  In  some  countries,  the  conoern  ia  mainly  with 
scheduled  commercial  aircraft  on  air  routes.  In  others  whe.e  general  aviation  thrives,  the  preponder¬ 
ance  of  air  traffio  is  general  aviation  traffic.  The  nature  and  requirements  of  air  traffio  control 
therefore  differ.  The  extent  to  whioh  commercial  and  general  aviation  traffic  are  mixed  influences  the 
air  traffio  control  procedures,  particularly  the  co-ordination  and  integration  of  information  from 
different  sources. 

Nations  vary  in  the  extent  to  whioh  they  integrate  civil  and  military  air  traffio,  and  this  has  a 
major  effect  on  the  air  traffio  control  system  design  and  on  the  way  the  system  is  intended  to  function. 

At  one  extreme,  the  oivil  and  military  traffic  ore  kept  apart,  each  in  designated  regions  of  air  space, 
and  integration  between  the  two  has  to  be  arranged  by  co-ordination  between  oivil  and  military  controllers 
on  an  ad  hoo  basins  the  methods  and  procedures  for  controlling  civil  and  li litary  air  traffio  may  be 
quite  separate  and  there  may  seem  no  need  to  make  them  fully  compatible.  At  the  other  extreme,  the  oivil 
and  military  control  systems  are  fully  integrated;  either  a  civil  or  a  military  aircraft  may  be  controlled 
by  either  a  civil  or  a  military  controller,  depending  for  example  on  where  it  ia  geographically,  on  how  it 
is  equipped,  on  its  route  or  on  its  height.  Civil  and  military  controllers  may  function  side  by  side, 
their  skills  may  be  nearly  interchangeable,  and  for  many  purposes  they  are  treated  as  equivalent.  Between 
these  two  extremes  lie  the  air  traffio  control  practises  of  many  nations,  where  a  certain  amount  of  oivil 
and  military  co-ordination  and  liaison  of  air  traffio  is  taken  for  granted,  but  oivil  and  military  require¬ 
ments  are  viewed  aa  competitive  in  their  demands  for  air  apace ■  Alr.u  certain  military  manoeuvres  may  have 
no  oivil  equivalent  in  air  traffio  aontrol  terms,  ond  vioe  versa.  In  such  oiroumatanoos  oivil  and 
military  air  traffio  control  skills  and  procedures  sj-a  often  seen  by  the  controllers  themselves  as  differ¬ 
ent  rather  than  as  similar,  whereas  to  those  outside  air  traffio  control  oivil  and  military  control  are 
considered  to  be  essentially  similar  to  the  point  of  permitting  common  procedures  to  bo  followed  und 
being  in  some  respects  interchangeable.  In  recent  years,  particularly  when  there  has  been  an  industrial 
dispute  between  civil  air  traffio  controllers  and  their  management  or  national  authorities,  this  issue 
haul  beooma  both  emotionally  charged  and  politically  sensitive. 

A  major  local  variation  depends  on  oharaoteristios  of  the  route  structure  and  of  the  terrain  in 
relation  to  traffio  demands.  Whereas  the  prinoiploe  of  en  route  sectoring  and  of  Oceania  control  may  be 
fairly  standardised  over  large  regions,  many  of  the  problems  of  air  traffio  control  near  a  particular  air¬ 
port  tend  to  ba  specific  to  that  airport.  Numerous  factors  tend  to  make  the  problems  speoifio.  They 
include  the  number  and  orientations  of  airways  loading  to  the  airport,  the  size  and  shape  of  the  terminal 
area  and  the  rourteinga  through  it,  the  locations  of  holding  positions  for  airoroft  inbound  to  that  airport, 
the  number  and  orientation  of  the  airport  runways,  the  position  in  relation  to  the  airport  of  high  land, 
obstructions  and  areas  of  dense  population,  the  noiBe  level  regulations,  the  distribution  and  mix  of  air 
traffic,  the  typical  level  of  expeiionce  of  the  users  of  the  airport,  the  facilities  with  whioh  the  airport 
ia  equipped  and  its  radar  coverage,  the  separation  standards  in  force,  near  it,  ato.  Whereas  human  factors 
findings  and  prooedures  about  en  route  and  ooeanio  control  may  generalise,  those  for  terminal  areas, 
approaches,  grouxud  movements  and  departures  may  be  speoifio  to  an  edrport  and  inapplicable  elsewhere. 
However  the  olaimed  uniqueness  of  the  problems  at  each  airport  sometimes  seems  to  be  exaggerated.  For 
example  tha  numerous  variations  in  the  designs  of  air  traffio  control  toworo,  which  after  all  perform 
basically  similar  functions  in  most  places,  seem  hard  to  justify  in  hunan  factors  terms.  It  would  seem 
possible  in  prinoiple  to  have  quite  a  small  number  of  good  standard  designs  for  towers,  whioh  would  meet 
most  requirements  with  minor  modi fj oat lone . 

From  the  point  of  view  of  the  pilot,  international,  national  and  regional  variations  in  air  traffio 
aontrol  can  be  tolerated  only  to  a  limited  extent.  It  cannot  be  either  in  the  interests  of  efficiency  or 
safety  for  the  air  traffio  oontrol  servioe  whioh  the  pilot  reoaivea  to  vary  grsatly  in  its  nature,  its 
quality  and  its  competence  according  to  the  part  of  the  world  in  whioh  lie  ia  flying.  In  long  distance 
transit,  pilots  are  entitled  to  expeot  that  the  prooedures  to  be  followed  will  largely  be  standardised 
wherever  they  are.  The  same  considerations  apply  to  variations  in  prooedures  associated  with  airports. 
Although  each  airport  may  have  its  particular  problems,  a  limited  range  of  solutions  to  them  Bhould  be 
sought  so  that  the  pilot  dose  not  have  to  conform  to  a  totally  different  set  of  prooedureB  for  each  air¬ 
port.  Such  variability  seems  bound  to  constitute  a  safety  hazard,  and  a  source  of  oonfusiou  particularly 
to  pilots  unfamiliar  utiih  a  partioular  airport  end  its  problems. 
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CHAPTER  3 

HUUfi  FACTORS  CCHTHIBUKOKS  TO  AIR  TRAFFIC  CONTROL  SYSTEMS 
3a  THE  BASIS  OF  THE  HUUK  FACTORS  CONTRIBUTIONS 

This  chapter  considers  the  human  factors  contributions  that  could  and  should  ba  made  rather  than 
those  that  have  been  or  are  made  to  air  traffic  control.  Among  the  reasons  why  the  actual  contributions 
fall  far  short  of  the  ideal  are  the  following: 

(1 )  Many  of  those  concerned  with  air  traffic  oontrol  remain  ueiaware  of  the  contributions  which 
human  factors  could  make,  do  not  understand  them,  or  do  not  accept  them. 

(2)  The  practical  experience  of  operational  controllers  may  be  preferred  to  human  faotors  advice 
or  be  thought  of  as  a  substitute  for  it,  though  tie  two  ure  not  at  all  the  same.  Both  are 
needed,  and  it  ia  a  mistake  to  equate  them. 

(3)  There  ie  a  fundamental  ignorance  and  confuaiun  about  what  automation  and  computer  assistance  in 
complex  man-machine  systems  are  trying  to  achieve,  about  the  consequences  of  automation  for 
individual  effioieaqy,  and  about  the  individual  controller's  perception  of  its  consequences 
for  him28. 

(4)  There  is  a  reluctance  to  oonoede  that  a  teohuo logical  advance  may  bring  problems  rather  than 
benefits  in  human  faotors  terms. 

(5)  Often  human  faotors  advioe  is  sought  for  the  first  time  too  late  during  system  evolution,  when 
many  decisions  which  generate  human  faotors  problems  have  already  been  taken. 

(6)  Insufficient  time  is  generally  allowed  to  gather  and  interpret  the  data  needed  to  provide 
adequate  human  faotors  advioe. 

(7)  There  is  a  serious  shortage  of  competent  human  factors  specialists  with  a  knowledge  of  air 
traffic  control. 

(8)  Practical  human  faotors  effort  has  to  be  properly  organised  and  requires  appropriate  faoilities, 
support  and  funding,  whioh  may  not  be  forthcoming. 

(9)  Thera  can  ba  a  lack  of  adequate  co-ordination  of  the  various  disciplines  contributing  to  the 
air  traffic  oontrol  ayetsra,  with  human  faotors  and  with  each  other. 

(10)  Human  faotors  findings  may  carry  politically  unwelcome  or  edministratively  unpalatable  implica¬ 
tions. 

As  a  consequence  of  this  shortfall,  ths  initial  contribution  of  human  faotors  towards  air  traffic  oontrol 
must  often  be  an  eduioative  one,  so  that  those  concerned  with  air  traffic  control  know  enough  to  recognise 
when  human  faotors  advice  would  be  useful,  and  have  realistic  expectations  when  they  seek  such  advioe. 

The  human  faotors  specialist  should  possess  a  knowledge  of  the  principles  and  theories  of  man-oaohine 
systems,  should  know  where  to  seek  fuurther  knowledge,  and  should  be  able  to  appraise  the  applicability  and 
relevance  of  psychological  principles  and  theories  to  the  praotioal  problems  he  is  facing.  Ho  needs  an 
understanding  of  the  main  oonoepts  of  his  discipline,  bow  they  have  evolved,  and  what  their  limitations 
are.  If  he  does  not  start  with  a  thorough  understanding  of  air  traffic  control,  he  must  ba  prepared  to 
acquiire  it  or  to  work  in  olose  day-to-day  interdisciplinary  collaboration  with  those  who  possess  it.  His 
initial  frame  of  reference  is  to  treat  air  traffic  oontrol  as  an  example  of  a  large  complex  mon-machine 
system.  His  general  knowledge  of  the  human  factors  problems  typical  of  such  systems  shouild  enable  him  to 
foresee  many  of  the  problems  which  may  arise  in  air  traffio  control,  to  understand  their  origins  and  to 
formulate  possible  solutions  to  them.  Os  the  basis  of  this  general  knowledge  he  oan  recognise  eaoh  human 
faotors  problem  in  air  traffio  oontrol  as  speoifio  to  air  traffio  control  or  as  widespread  throughout 
large  man-maohine  systems,  and  treat  it  accordingly  as  a  speoifio  or  a  general  problem,  it  is  therefore 
important  that  the  human  faotors  specialist  working  on  air  traffio  oontrol  problems  does  not  become  over- 
specialised  and  ourt  of  touch  with  more  general  developments  in  man-oaohine  systems,  particularly  because 
applications  are  often  sought  in  air  traffio  oontrol  for  technological  innovations  not  originally  developed 
for  air  traffio  control. 

A  tradition  in  dealing  with  man-maohine  systems  has  been  to  allocate  functions  to  man  or  maohine.  it 
ia  possible  to  make  man-oaohine  oomparisona  only  about  filiations  whioh  oould  conceivably  be  done  either  by 
a  machine  or  by  a  man.  The  list  of  such  functions  expands  as  technology  advances  but  not  as  human  needs 
and  aspirations  alter.  Some  human  faotors  problems  oan  be  traced  to  limitations  in  the  oonoepts  doomed  to 
be  relevant  to  man-machine  Bystems.  In  particular,  there  has  been  a  tendency  to  desoribe  human  functions 
in  machine  terms  -  to  soy  that  the  man  functions  like  an  amplifier  for  example.  This  approach  has  been 
partly  responsible  for  the  biases  in  human  faotors  towards  ignoring  some  purely  human  attributes  with 
no  machine  equivalents,  considering  others  as  more  maohine-like  than  they  are,  and  making  man-machine 
comparisons  in  line  with  advaaoing  technology  rather  than  with  changing  human  requirements.  Recently, 
examples  of  the  opposite  approach,  desoribing  maohine  functions  in  human  terms  as  in  artificial 
intelligence,  have  introduced  other  confusing  biases. 

In  addition  to  his  knowledge  of  man-maohine  systems,  the  human  factors  specialist  possesses  knowledge 
of  human  capabilities  and  limitations,  much  of  whioh  is  derived  from  the  findings  of  basic  psychological 
research  and  from  theories  and  oonoepts  formulated  from  those  findings.  The  traditions  of  experimental 
psychology,  whereby  faote  gathered  in  laboratory  experiments  are  usad  to  formulate  theories  from  whioh 
hypotheses  are  deduced  for  testing  in  fuarther  laboratory  experiments,  influenced  many  of  the  first  huaan 
factors  studies  of  man-maohine  systems,  to  tha  extent  that  it  was  not  enough  to  take  praotioal  decisions 
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in  accordance  with  their  findings  but  almost  obligatory  to  Five  an  explanation  or  interpretation  of  the 
findings  acoordingto  a  currently  prevailing  theory 23.  Efforts  are  still  being  made  from  time  to  time  to 
link;  huaan  faotora  findings  and  psychological  theory  in  air  traffic  control30,  but  not  with  such  dogged¬ 
ness.  (Theories  and  practical  findings  can  be  mutually  supportive.  A  theory  based  hitherto  solely  on 
evidence  from  the  confined  world  of  the  psychological  laboratory  rosy  appear  more  general  or  at  least  more 
widely  applicable  when  evidence  from  a  real  life  context  is  fully  compatible  with  it.  Similarly,  find¬ 
ings  from  human  factors  atuiies  have  better  prospects  of  generalising  beyond  their  systems  contexts  if 
they  rest  on  sound  theoretical  bases.  The  human  factors  specialist's  knowledge  about  psychological 
theories  and  ooncapts  may  therefore  offer  prospects  for  demonstrating  that  findings  may  generalise  and 
for  providing  explanations  of  them  at  a  more  fundamental  level. 

Iho  generality  of  findinge  is  gauged  not  only  by  their  theoretical  implications  but  alBo  by  their 
compatibility  with  existing  evidence,  as  summariaed  in  handbooks  and  reported  in  the  human  factors  liter¬ 
ature.  Rarely  can  human  factors  guidelines  bs  stated  unconditionally  in  absolute  terms.  Normally  an 
expert  interpretation  of  them  is  necessary  in  any  applied  oontext.  Numerous  pertinent  faotora  may  invali¬ 
date  the  recommendations  even  of  standard  human  faotora  handbooks.  The  interpretation  of  data  in  the 
light  of  specialised  knowledge  is  ons  of  the  most  important  human  factors  contributions  to  air  traffic 
control  systems. 

This  combined  knowledge  of  msn-maohine  systoms  and  of  human  cubilitioe  and  limitations  is  used  by  the 
human  factors  specialist  to  evaluate  what  is  known  in  relation  to  the  applied  problems  he  is  dealing  with. 
It  may  mean  that  a  practical  problem  is  treated  as  an  example  of  a  more  general  kind  of  problem  or  of  a 
particular  theoretical  law  or  principle.  Human  faotora  may  have  to  define  end  make  explioit  the  implica¬ 
tions  for  the  oontroller  of  proposed  air  traffic  control  systems  and  tasks.  This  entails  an  evaluation 
of  problems,  s  review  of  existing  evidence,  a  distillation  of  relevant  findings,  and  their  interpretation 
in  relation  to  the  practical  problems  whioh  arise.  It  is  important  not  only  to  recognise  what  Knowledge 
exists  but  alBo  to  appreciate  what  further  knowledge  uould  be  helpful  if  it  were  available.  Thus,  gaps 
in  existing  knowledge  are  revealed,  research  needs  arc  identified,  and  research  can  be  conducted  to  aloes 
the  gaps. 

The  extent  to  which  existing  findings  generalise,  their  probable  validity,  and  the  need  to  reinter¬ 
pret  them  for  different  praotioal  applications  are  all  human  faotora  preoocupatione  whioh  require 
assessments  of  whether  the  human  faotora  evidence  is  likely  to  be  context-dependent  and  is  sufficiently 
reliable  and  valid  to  be  trusted.  Critical  differences  between  the  oontext  in  whioh  the  evidence  was 
originally  gathered  that  in  whioh  it  is  now  being  considered  therefore  need  to  be  understood. 

Human  faotors  can  aot  ac  a  catalyst  in  relation  to  the  functions  of  others  which  oan  often  remain 
compartmentalised  and  be  fulfilled  without  much  reference  to  what  else  is  being  done.  Because  human 
faotora  are  essentially  both  interactive  and  interdisciplinary,  the  human  factors  worker  may  inadvertent¬ 
ly  fulfil  an  integrative  role  because  ha  has  to  know  more  than  most  other  specialists  about  the  purpoae  of 
the  whole  system  before  he  con  do  his  own  job  properly.  This  can  give  the  misleading  impression  that  the 
human  factors  specialist  oan,  and  wants  to,  do  everything,  but  his  contribution,  like  that  of  hiB  fellow 
specialists  in  other  disciplines,  is  confined  within  the  limits  of  his  own  professional  knowledge  and 
expertise. 

To  reveal  the  full  human  faotora  consequences  of  a  proposal  usually  requires  comprehensive  measure¬ 
ment,  and  an  important  contribution  of  human  factorj  concerns  the  measurement  of  people  in  systems 
oontexts.  Human  faotora  can  appraise  the  whole  range  of  possible  measurements,  which  normally  extend  far 
beyond  measures  of  tank  performance,  but  which  are  needed  to  reveal  the  effects  of  a  proposal  in  full. 

This  aspect  of  human  faotors  woric  is  often  of  particular  importance  in  that  it  will  not  be  done  at  all 
unless  the  human  faotors  worker  does  it.  The  reason  is  that  proposals  are  usually  advanced  by  those  with 
a  knowledge  of  their  advantages  rather  than  their  limitations,  and  without  independent  guidance  about 
appropriate  measurements  those  which  are  favoured  may  confirm  the  expooted  advantages  yet  fail  to  reveal 
the  limitations,  whioh  may  not  become  apparent  uitil  the  system  becomes  operational  and  it  is  too  late  to 
change  them.  The  initial  contribution  of  human  faotors,  therefore,  is  often  to  bring  a  broad  perspective 
to  bear  on  msn-maohine  eystemB,  the  tasks  in  thsm,  the  effects  of  the  man  on  the  system,  and  the  effeots 
of  the  system  on  the  man.  The  human  faotors  specialist  knows  how  these  effeots  oan  bs  demonstrated  and 
measured,  oan  provide  concepts  to  describe  and  intorpret  them,  can  put  the  findings  into  a  psychological 
or  systems  context,  and  can  appraise  not  only  the  human  faotors  work  whioh  has  been  done  but  the  work 
whioh  has  not  been  done  but  should  have  been. 

3b  PUNNINO 

Host  of  the  procedures  in  relation  to  the  planning  and  conduct  of  air  traffic  control  systems  have 
human  factors  implications.  Human  faotora  principles  can  validly  be  applied  not  only  to  the  product  of 
planning  but  also  to  the  processes  of  planning. 

The  fewer  the  firm  decisions  already  taken  when  human  faotors  advioa  is  obtained,  the  more  effica¬ 
cious  the  advioe  con  be.  Advice  available  during  the  early  stages  of  formulation  and  planning  of  the 
system  oan  therefore  in  principle  bo  the  most  effeotive  and  useful  human  faotors  advice  of  all. 

Even  if  the  planning  of  a  future  air  traffic  control  system  has  progressed  no  further  than  the  brood 
outline  and  discussion  of  proposals  and  possibilities,  it  is  feasible  to  stats  the  main  human  factors 
implications,  to  identify  any  major  intractable  problems,  to  oite  sources  of  relevant  human  faotors 
information  and  summarise  what  they  recommend,  and  to  indicate  topi  os  on  whioh  existing  human  faotors 
data  provide  an  insufficient  basis  for  advice,  so  that  further  data  should  be  gathered. 

A  key  role  of  the  human  factors  specialist  in  the  formulation  and  planning  of  the  air  traffio 
control  system  is  the  identification  of  problems.  Any  whioh  he  foils  to  identify  may  remain  unraoognised 
until  the  system  bu comes  operational,  when  there  may  no  longer  be  praotioal  solutions  to  them.  Problems 
are  of  two  main  types.  Firstly,  are  those  typical  of  large  man -machine  systems,  desoribod  in  the  human 
faotors  literature  and  perhaps  familiar  from  their  own  experience  to  some  of  the  participants  in  planning. 
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Secondly,  are  problems  speoifio  to  tbs  system,  associated  in  particular  with  changes,  advances  and  innova¬ 
tions,  Examples  of  general  problems  are  the  aggravation  of  the  problem  of  boredom  by  progressive  automa¬ 
tion,  the  difficulty  of  indicating  on  displays  of  digitised  information,  how  trustworthy  the  information 
is,  and  the  provision  of  means  for  effective  supervision  when  many  of  the  interactions  are  between 
individual  operators  and  machines,  Br  . *ss  of  specific  problems  are  the  derivation  and  proving  of  appro¬ 
priate  training  for  new  devices,  the  reconciliation  of  innovations  with  existing  ski  11s  and  practices,  and 
the  acquisition  of  knowledge  about  how  a  new  faoility  can  fail. 

The  role  of  the  human  faotors  specialist  during  planning  is  to  bring  out  the  human  factors  implica¬ 
tions  of  what  is  being  contemplated,  he  is  there  to  collaborate  and  assist.  He  must  not  appear 
obstructive,  intransigent  or  over-oritioal  of  the  proposals  of  others  on  Inman  factors  grorads.  Any 
system  plan  raises  many  human  factors  issrac.  He  must  identify  and  state  them  and  their  implications,  so 
that  the  decision  on  whether  to  proceed  with  the  plan  is  as  fully  informed  as  it  can  be  in  huoan  factors 
terms,  and  the  resulting  operational  system  will  not  bring  mpleasant  surprises  in  the  form  of  human 
factors  oonsequences  which  could  have  been  foreseen  but  were  not.  With  innovations,  he  may  be  able  to 
deduce  their  human  faotors  problems  but  not  offer  solutions,  though  guidance  should  be  possible  mi  whether 
solutions  are  attainable  or  not.  System  planners  unfamiliar  with  human  faotors  may  reach  some  decisions 
similar  to  those  in  previous  systems  which  led  to  difficult  human  faotors  problems.  Again  a  role  of  human 
faotors  is  to  draw  attention  to  this  and  to  any  solutions  which  proved  successful  before.  A  human  factors 
problem  may  apparently  have  been  ignored  in  the  past,  not  beoause  it  wus  unrecognised  hut  because  it  could 
not  be  solved.  An  example  is  the  fragmentation  of  team  f motioning  under  high  workload. 

In  offering  guidance,  the  human  faotors  specialist  must  know  the  strength  of  the  evidenoe  on  which  his 
recommendations  are  based.  System  planning  has  to  reach  compromises,  since  operational,  financial, 
technical,  buns  faotors,  and  other  considerations  would  each  individually  point  to  different  solutions, 
but  a  single  solution  has  to  be  foind.  In  reaching  compromises,  the  human  faotors  specialist  must  know 
what  his  recommendations  should  be  but  abac  should  take  acoount  of  the  extent  to  which  they  could  be 
modified  without  serious  consequences.  He  needs  to  know  the  detailed  nature  of  the  supporting  evidence. 

A  simple  example  may  clarity  this  important  point.  Suppose  a  handbook  recommends  45Q  mm.  as  the  viewing 
distance  for  a  display.  The  interpretation  of  this  depends  cm.  what  45^  mm.  was  originally  compared  with  — 
perhaps  440  mmr  or  420  mm,  or  400  on,  or  even  350  am.  It  also  depandB  on  the  anoint  of  data  gathered 
about  each  alternative  and  on  the  statietical  significance  and  operational  importance  of  the  differences. 

If  450  mm.  was  compared  with  440  mm.  and  the  difference  between  them  was  significant  statistically  and 
large  in  terms  of  task  performance,  such  evidence  suggests  that  the  planned  viewing  distance  should  be 
450  mm.  and  that  it  would  be  difficult  to  justify  even  small  changes  from  this  value.  However,  if,  as  is 
more  likely,  450  mm.  was  compared  with  400  mm.  and  the  difference  between  them,  though  statistically 
significant  was  small  in  absolute  terms  of  performance,  for  example  with  many  tasks  being  unaffected  and 
email  decrements  being  observed  on  a  few,  then  human  factors  evidenoe  to  insist  on  450  rnffi.  does  not  exist 
and  the  optimuu  may  not  be  450  mn.  but  some  intermediate  distance  that  has  never  actually  been  measured. 

In  such  circumstances  the  hunan  faotors  recommendation  is  much  less  firm,  and  the  human  faotors  specialist 
must  accordingly  be  much  more  willing  to  compromise.  His  specialist  knowledge  must  cover  not  only  the 
recommendation  itself  but  the  nature  and  strength  of  the  supporting  evidence,  which  handbooks  do  not  give. 

It  is  important  to  emphasise  the  interacting  nature  of  human  factors  evidenoe,  and  to  assure  that 
the  full  range  of  interactions  and  their  oonscquoncee  is  appreciated  as  planning  progresses.  A  choice 
which  seems  simple,  cheap  and  effeotive  but  which  would  ultimately  engender  high  rates  of  labour  turn¬ 
over  and  perhaps  industrial  unrest,  may  in  the  long  term  be  the  wrong  ana.  When  notions  of  cost  effect¬ 
iveness  and  reliability  are  discussed,  the  cost  of  reoruitment,  selection,  training,  high  attrition  rates, 
and  similar  notions  should  not  be  ignored,  and  if  the  syBtem  is  not  f motioning  because  its  human 
components  are  or.  strike  this  may  constitute  a  major  form  of  system  unreliability.  Many  deoisions  taken 
during  planning  determine  not  only  the  safety  and  efficiency  of  the  air  traffic  control  system,  but  the 
well-being,  the  job  satisfaction  and  tha  morale  of  those  who  operate  it. 

Part  of  tho  human  faotors  frame  of  reference  in  viewing  proposals  and  plana  for  new  air  traf- 
fio  control  syetoroa  concerns  corresponding  fractions  in  existing  systems  and  comparable  fractions  is 
other  large  man-machine  systems,  such  as  air  defenoe,  nuclear  power  plants  and  chemical  processing.  This 
body  of  knowledge  may  influence  the  grouping  of  tasks  and  fractions  in  the  proposed  system,  the  planned 
flexibility  of  tha  system  for  handling  wide  variations  in  traffio  demands,  and  tho  methods  for  transmit¬ 
ting  information  intended  for  the  controller's  use.  When  the  allocation  of  fractions  between  man  and 
machine  is  disoussed,  this  experience  of  fractions  successfully  or  rasucccssfully  performed  in  other 
syatems31  may  be  set  against  tha  pressures  of  advancing  technology  for  mors  fractions  to  be  fulfilled 
automatically. 

At  the  planning  stage  advice  on  speoifio  system  details  is  seldom  required  or  appropriate.  Human 
faotors  contributions  are  therefore  general,  and  concern  principles,  known  evidenoe,  tha  compatibility 
of  human  factors  and  other  requirements,  and  the  relevance  of  problems  which  have  arisen  elsewhere 
and  have  proved  difficult  to  solved.  Humorous  other  roles,  supervision,  assistance,  monitoring, 
management  and  maintenance  for  example,  should  also  be  considered  in  the  system  plans  in  terms  of  their 
human  factors  consequences. 

Often  the  human  faotors  specialist  is  expeoted  to  put  forward  proposals  of  his  own.  It  is  not  help¬ 
ful  to  others  participating  in  planning  if  their  proposals  are  stated  to  be  incompatible  with  human 
faotors  requirements,  yet  no  attempt  ia  made  to  formulate  alternative  proposals  which  would  meet  human 
factors  requirements.  Part  of  the  role  of  human  faotors  is  often  to  formulate  such  proposals  for  dis¬ 
cussion,  just  as  tha  role  of  other  disciplines  may  be  to  formulate  ideas  which  satiBiy  their  requirements . 
Por  his  formulated  proposals  to  be  sensible,  the  husaa  faotors  speoialiBt  relies  on  interdisciplinary 
collaboration  during  the  planning  stage. 

Human  faotors  as  a  discipline  may  be  leae  entrenched  than  others,  and  therefore  more  of  the  burden 
of  proof  may  rest  with  it  to  demonstrate  why  its  recommendations  should  be  accepted.  The  human  faotors 
specialist  rosy  be  among  the  first  to  deteot  incompatibilities  among  the  proposal it  of  others,  since  he  has 
to  examine  all  of  them  to  judge  their  human  faotors  consequences.  It  may  bo  in  the  interests  of  hiaran 
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factors  and.  of  system  planning  alike  if  hunan  factors  becomes  a  focal  point  for  resolving  such  incom¬ 
patibilities  which  affeot  the  controller,  wherever  the  formal  organisation  of  the  system  planning  does 
not  inolude  such  a  role,  hut  it  is  vital  to  remember  that  the  resolution  of  incompatibilities  is  still 
essentially  a  total  planning  team  fmotion  and  sot  a  human  factors  one.  The  knowledge  of  the  human  factors 
specialist  is  a  combination  of  his  own  professional  expertise  with  a  smattering  of  that  of  his  colleagues 
participating  in  planning,  just  as  their  knowledge  covers  their  own  professional  contribution  in  depth 
and  contains  a  smattering  of  human  factors  knowledge.  Smatterings  of  knowledge  usually  contain  many 
inaoouraoies  and  inadequacies,  no  matter  whom  they  belong  to.  They  allow  common  problems  to  be  discussed 
with  some  glimmerings  of  their  implications,  but  greatest  reliance  must  alwoys  be  placed  on  thoee  who 
possess  the  most  thorough  relevant  professional  knowledge. 

The  role  of  human  factors  in  relation  to  the  planning  of  air  traffic  control  systems  does  not  have 
a  single  universally  applicable  description.  It  varies  according  to: 

(1)  The  role  assigned  to  hunan  factors, 

(2)  The  experience  and  knowledge  of  the  human  factors  specialist. 

(3)  The  stage  at  which  hunan  factors  evidenoe  is  first  contributed. 

(4)  The  number  and  disciplines  of  other  participants  in  planning. 

(5)  The  methods  of  management  and  organisation  employed  for  the  planning  process. 

(6)  The  interpretation  of  the  objectives  of  planning. 

An  essential  human  factors  contribution  at  the  planning  stage,  or  even  before,  should  be  to  identify 
relevant  research  needs.  Normally  the  time  needed  to  organise  and  conduct  research  to  provido  essential 
data  to  guido  subsequent  design  stages  is  quite  long.  If  problems  are  not  identified  until  the  design 
stage  there  is  seldom  sufficient  time  to  conduct  experimental  research  on  them.  Human  faotors  advica 
should  be  given  on  the  problems  which  are  amenable  to  research,  on  the  research  effort  whioh  would 
correctly  reflect  their  relative  importance,  on  the  conduct  of  the  research  itsalf  and  on  the  relia¬ 
bility,  validity  and  interpretation  of  the  research  findings.  It  is  desirable  to  have  continuity  of 
research  effort  whioh  is  not  too  system  specific  but  whioh  ultimately  can  provide  a  sound  body  of  know¬ 
ledge,  so  that  the  hunan  factors  contributions  at  the  planning  stage  come  to  depend  more  on  that  estab¬ 
lished  body  of  evidenoe  and  less  on  the  identification  of  problems  yet  to  be  tackled.  From  this  it 
follows  that  those  best  placed  to  give  human  faotors  odvico  during  the  planning  of  an  air  traffio  oontrol 
system  ore  human  faotors  specialists  with  a  detailed  knowledge  of  air  traffio  oontrol,  of  aviation,  of 
interdisciplinary  collaboration,  of  large  man -machine  systems,  and  of  the  whole  range  of  implications  for 
the  man  of  the  progressive  introduction  of  automation  or  computer  assistance  into  his  working  environment. 
General  purpose  human  faotors  consultancy,  though  successful  in  many  fields,  tends  to  be  less  satisfactory 
in  air  traffio  control  and  in  other  systems  of  comparable  complexity,  The  main  failing  and  imbalanoe  in 
current  human  faotors  work  on  air  traffic  oontrol  concerns  the  comparative  neglect  of  research  to  uider- 
utiuid  the  roles  and  thought  processes  of  the  air  traffio  controller  in  general  terms.  Such  rosoaroh 
covers  systems  concepts,  principles  for  information  portrayal,  man-machine  function  allocation,  the 
experimental  exploration  of  alternative  ideas,  and  particularly  interactions  bstwsen  the  man  and  flexible 
adaptable  software.  The  resources  devoted  to  human  faotors  research  intended  to  facilitate  planning 
decisions  have  not  kept  pace  with  technological  advances. 

At  the  planning  atage,  the  main  filiations  of  the  human  faotors  spooialiat  are  the  following: 

(1)  The  maintenance  of  his  own  professional  knowledge,  particularly  about  basic  and  applied 
psychology,  to  ensure  that  hia  advice  is  based  on  sound  and  up-to-date  evidenoe,  constricts 
end  techniques. 

(2)  Thu  acquisition  of  a  reasonable  knowledge  of  the  proposed  air  traffio  oontrol  system  being 
planned. 

(3)  The  appraisal  of  the  practical  relevance  for  the  air  traffio  oontrol  system  of  human  faotors 
knowledge  and  particularly  of  recent  advances  in  it. 

(4)  Participation  in  planning  meetings  at  whioh  proposals  for  the  air  traffic  oontrol  system  or 
parts  of  it,  are  discussed  and  decisions  toKon. 

(5)  The  formulation  and  explanation  for  participants  in  planning  of  the  relevant  human  faotors 
evidenoe  that  is  avai.lr.bl~, 

(6)  the  identification  of  hunan  faotors  problems  on  whioh  there  seems  too  little  relovant  evidence 
to  offer  firm  guidance. 

(7 )  The  deduction  and  statement  of  human  faotors  research  needs  to  meet  tho  objectives  of  the 
proposed  system. 

(8)  Advice  on  how,  where  and  with  what  resources  tho  proposed  reBearoh  should  be  done. 

(9)  Fartioipation  in  relevant  research  and  supervision  of  research  to  ensure  that  it  meets  planning 
needs . 

(10)  The  interpretation  and  disoemination  of  husan  faotors  research  findings. 

(11)  The  provision  of  relevant  solicited  or  unsolicited  hunsn  faotoro  advioe  to  ensure  that  others 
are  aware  of  it,  and  the  professional  interpretation  of  that  advice  in  relation  to  the  planned 

system. 
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(12)  Aotive  liaison  with  fellow  specialists,  for  exomplo  in  occupational  health  or  lighting 

engineering,  to  ensure  that  solutions  to  problems  meet  their  needs  as  well  as  those  of  human 
factors, 

3o  SYSTEM  DESIGN 

At  the  design  stage,  when  the  detailed  faoilities  and  procedures  needed  to  aohieve  the  planned 
objectives  of  the  air  traffio  control  system  are  formulated,  the  main  human  factors  contribution  iB  the 
interpretation  and  praotioal  application  of  existing  relevant  knowledge.  As  in  the  planning  stage,  human 
faotors  advioe  during  system  design  must  not  be  rigid  and  intransigent,  but  should  oonsist  of  recommenda¬ 
tions  with  guidance  on  the  strength  of  tha  supporting  evidence,  on  the  probable  penalties  of  failing  to 
meet  the  recommendations  fully,  and  where  possible  on  known  limits  within  which  solutions  roust  be  found 
to  avoid  serious  consequences  for  effioienoy  or  well-being. 

It  is  important  that  all  human  faotors  recommendations  are  made  with  an  understanding  of  how  the 
system  as  a  whole  is  designed  and  intended  to  function.  Recommendations  about  any  apooific  item,  such  as 
a  display,  a  control,  or  a  communications  facility,  must  not  concern  human  factors  in  isolation,  but  also 
consider  the  practicalities  of  implementing  them.  It  is  futile  for  the  human  iaotora  specialist  to  make  a 
proposal  which  is  sensible  in  human  faotors  terms  but  both  wrong  and  naive  in  engineering  terms,  sinoe  this 
may  suggest  to  others  that  the  human  faotors  specialist  does  not  laidaratand  what  they  are  doing  or  the 
limits  in  whioh  they  are  working,  Howavor,  tho  human  faotors  specialist  often  has  to  contend  with  simp¬ 
listic  human  faotors  suggestions  by  others,  which  betray  their  ignorance  of  human  faotors  and  their 
misunderstanding  of  his  role.  He  needs  forbearance  whan  his  colleagues  from  other  disoiplinos  make  human 
faotors  suggestions  whioh  are  naive  end  wrong  to  him.  As  people  themselves,  they  believo  they  understand 
others,  and  they  think  of  human  faotors  as  a  combination  of  tbis  understanding  with  experience  and  oommon— 
sense,  whioh  they  also  possess.  The  falsity  of  thiB  view  of  human  factors  iB  immediately  apparent  to 
anyone  who  reads  a  textbook  on  the  subject,  or  examines  a  handbook  of  human  faotors  data,  but  many  navel'  dc. 

In  system  design,  human  faotors  oontributsa  to  decisions  on  how  the  broad  ospeota  of  tasks  envisaged 
during  the  planning  stage  should  heoomo  a  praotioal  reality,  Che  contribution  centres  on  tho  best  methods 
for  conveying  information  to  the  oontroller,  usually  hy  means  of  visual  displays,  ThiB  entails  some 
knowledge  of  the  human  faotors  implications  of  modern  display  taohnology  and  of  oomputer  programming,  an 
well  as  of  the  tasks  to  be  done.  Recommendations  can  bo  made  on  ths  type  of  display,  on  appropriate  for¬ 
mats  for  portraying  the  information  on  it,  and  on  its  physical  positioning  in  relation  to  tho  usora  and 
to  other  displays ,  More  dotal  loo  recommendations  cover  the  oontent  and  lay  it  of  displayed  information, 
suitable  principles  for  its  depletion  (such  as  alphanunerio,  uymbolio,  pictorial  or  graphic),  and  choice 
of  coding  dimensions,  auch  as  colour,  shape,  size,  brightness  and  contrast  for  information  in  symbolic 
form,  the  relationship  of  the  display  to  the  controls  for  it,  to  the  physical  environment  in  whioh  it  ia 
used,  and  to  the  character! atioa  of  the  controllers  who  operate  it,  must  also  he  considered.  In  the 
present  state  of  automation  and  man-machine  relationships,  a  display  may  have  to  do  more  than  convey 
information,  and  human  faotors  reconosndations  may  be  added  on  its  suitability  for  these  further  fuiotiona, 
such  aa  acting  as  a  memory  aid.  Information  should  be  displayed  in  a  logical  order  derived  from  deoiaioa 
tree  analysis,  to  facilitate  task  performance.  The  human  faotors  spcoialist  should  emphasise  that  in 
drawing  up  the  detailed  spool  float!  one  about  displays,  do  oi  si  one  are  being  taken,  incidentally  and  perhaps 
unwittingly,  on  tha  kinds  of  error  whioh  can  be  mado  when  the  displays  are  read. 

What  appears  automatically  on  a  display  is  determined  by  the  system  design,  and  palates  to  sensors, 
to  hardware,  and  to  sof-twara.  A  very  small  portion  of  the  information  sensed  and  stored  in  a  modem  air 
traffio  control  system  is  presented  to  the  controller  on  his  displays,  and  that  portion  has  bean  pro¬ 
cessed,  collated,  selected,  smoothed,  summarised,  and  oonvertod  to  a  level  of  detail  appropriate  for  tho 
tasks  and  for  human  information  processing  limitations.  The  display  is  the  main  moans  for  convoying  from 
tho  system  to  tho  man  the  limited  information  whioh  the  system  has  ualeoted  for  hie  use. 

Controls  are  tho  corresponding  means  for  convoying  information  from  the  man  to  the  system,  and  for 
allowing  the  man  to  saleot  information  for  his  own  use.  Therefore  human  faotors  advioa  is  given  on  appro¬ 
priate  types  and  aansitivitaa  of  control  for  the  »nvissged  tasks,  on  their  location  in  tho  workupaos,  and 
on  their  relationship  to  ths  displays  with  whioh  they  are  associated.  General  prinoiplos  oan  be  used  to 
prediot  efficiency  of  performance,  but  again  the  choice  of  controls  has  a  large  influence  on  tho  kinds  of 
error  whioh  are  possible.  Controls,  particularly  keyboards  or  their  equivalents,  also  determine  to  a 
considerable  extent  the  Emotions  which  the  oontroller  can  fulfil  in  the  system.  It  seems  trite,  but 
nevertheless  must  be  spelled  out  by  the  human  factors  specialist  during  the  design  stage,  that  the  control¬ 
ler  oan  fulfil  only  those  fmotions  for  whioh  the  means  of  fulfilment  are  provided  in  the  form  of  input 
devioes.  The  flexibility  of  the  oontroller,  and  his  power  to  innovate  and  compensate  for  any  system 
inadequacies  or  deficiencies,  are  determined  by  the  faoi litios,  and  particularly  the  oontrols,  with  whioh 
he  is  provided.  Ultimately  he  oan  do  only  what  the  system  lets  Mm  do. 

At  the  detailed  deoigt  stage  human  faotors  advice  is  given  on  the  methods  of  gathering  information 
and  transmitting  it  within  tho  system.  Machine  to  naohine  communi  oat  ions  are  generally  of  only  peripheral 
intereat  to  hunan  faotors,  but  all  other  oonimuiioations,  machine  to  man,  man  to  machine,  and  roan  to  man, 
come  directly  within  the  provinoe  of  human  faotors.  Tha  first  two  concern  the  man-maohine  iiuerfaoe,  and 
ita  effects  on  tasks  and  system  performance.  Kan  to  man  oonmuii cations  relate  to  sposoh  and  other  forms 
of  oommuiioation  between  people.  With  the  advent  of  automated  speech  synthesis  and  rsoognition,  the 
hitherto  olear  distinction  between  man-maohine  and  man-man  oomatni cations  is  in  soma  respects  becoming 
more  blurred. 

Often  the  gathering  and  transmission  of  information  are  seen  os  self -just! lying  activities,  success¬ 
fully  achieved  when  it  can  bo  shown  that  all  the  data  have  been  gathered  and  all  the  information 
transmitted^.  The  reasons  for  gathering  information  are  relatively  few  and  straightforward,  and  should 
determine  what  1b  gat ho ref ,  how  often  it  is  gathered  and  what  is  done  with  it.  Information  may  be 
gathered  to  meat  a  legal  req.urement,  or  gathered  to  be  stored,  or  gathered  to  be  fed  into  a  oomputer  and 
used  aa  a  basis  foi*  calculations,  or  gathered  for  the  oontroller  to  use  in  order  to  take  decisions  and 
control  air  traffio.  Ouoe  the  purpose  of  gathering  the  information  is  defined,  the  form  that  it  should 
take  bacooe#  stow  oloar.  The  information  needed  fer  legal  raqulremants  can  usually  be  olaarly  defined. 
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Information  for  computation  purposes  can  be  specified,  and  will  differ  grossly  in  its  quantity,  rate  of 
presentation,  forms  of  coding  and  selectivity  from  information  gathered  for  human  use.  In  this  last 
instance,  gathering  information  for  its  own  sake  can  be  a  pointless  and  self-defeating  exercise,  since  in 
quantity,  in  rates  of  transmission,  in  formats  and  in  oodingsit  must  bo  tailored  to  the  tasks  whioh  the 
controller  must  do  and  to  human  limitations  of  attention,  information  processing,  memory  and  understand¬ 
ing.  If  there  is  a  need  for  a  semi -permanent  reoord  of  information,  this  suggests  visual  rather  than 
auditory  information  transmission.  Cn  the  other  hand,  speech  is  inherently  more  flexible  than  any 
keyboard.  Ab  with  the  choice  of  displays  and  controls,  the  methods  of  communication  determine  the  sources 
of  degradation  whioh  are  possible  as  part  of  the  transmission  of  the  information  and  the  sorts  of  error 
whioh  will  be  made  by  the  users  of  the  information  transmitted. 

The  detailed  design  must  also  consider  the  physical  environment  of  the  parts  of  the  system  whore 
human  operators  will  work.  This  covers  the  ambient  environment,  such  as  lighting,  heating,  and  ventila¬ 
tion,  and  the  layout  of  the  workspace,  including  consoles,  suitaB  and  aocesaability.  If  it  is  envisaged 
that  an  operational  suite  will  be  used  for  training,  so  that  space  must  be  found  for  an  additional 
trainee,  or  that,  when  traffiois  light,  it  may  sometimes  be  operated  by  one  man  instead  of  by  a  team,  then 
provision  must  be  made  for  suoh  flexibility  in  the  design,  otherwise  it  cannot  be  achieved  efficiently. 
Various  techniques,  such  as  scale  models,  my  be  used  to  confirm  the  practicality  of  the  physical  design 
recommendations,  though  it  should  be  possible  from  first  principles  to  predict  all  the  glares,  reflections 
and  aooessability  problems  whioh  will  arise,  and  prevent  them.  Various  colourings  and  surface  textures 
within  the  environment  oan  be  used  to  enhance  its  appearance  and  to  foster  the  practicality  of  the  recom¬ 
mended  design  to  aohieve  basic  human  faotors  requirements,  particularly  those  related  to  vision.  The 
design  should  also  be  influenced  by  anthropometrio  data.  If  both  men  and  women  will  use  the  workspace, 
then  the  range  of  body  sizes  to  be  accommodated  comfortably  is  much  larger  than  for  men  or  women  only, 
and  the  design  of  furniture  must  take  account  of  this. 

Certain  human  faotors  aspects  of  tha  physical  environment  aro  more  difficult  to  design  for  towers 
than  for  centres.  In  on  air  traffic  control  centre,  it  is  usually  possible  to  specify  an  optimum  for  the 
positioning,  lighting  and  layout  of  facilities  since  the  physical  lighting  environment  is  intended  to  be 
constant.  With  a  tower,  whore  the  visual  environment  may  range  from  exterior  darkness  to  bright  direct 
sunlight,  a  different  approach  may  be  necessary  sinos  equipment  and  facilities  must  tolerate  a  large 
range  of  ambient  lighting  and  glare  sources,  and  the  solutions  to  human  faotors  problems  may  therefore  be 
quite  different. 

In  theory,  there  should  be  no  uorioua  da  lays  during  the  design  stage  because  of  lack,  of  human  faotors 
evidence.  If  the  planning  has  been  proporly  conduoted,  there  will  have  been  ample  forewarning  of  the 
kinds  of  evidence  needed,  and  time  to  gather  ut  from  existing  sources  or  to  conduct  experiments  to  obtain 
it.  In  praotioe,  human  factors  problems  are  often  not  identified  at  the  planning  stage,  and  the  neoeasary 
research  is  not  done,  with  tha  result  that  evidence  is  not  available  when  it  is  needed  at  the  design 
stage,  and  hasty  experimentation  lias  to  be  conduoted  or  human  faotors  advice  given  on  inadequate  evidenoc. 
Although  the  role  of  human  faotors  research  at  the  design  stage  should  be  very  limited,  in  praotios  there 
is  therefore  a  considerable  need  for  it. 

In  the  pout,  at  the  design  stags  tha  operational  equipment  for  the  system  did  not  yet  exist,  and 
therefore  fidelity  of  its  representation  did  not  arise  on  a  practical  issue.  What  was  needed  was  a  quick 
oheck  to  ensure  that  any  novel  funotion  would  not  introduce  insuperable  human  faotors  problems  caused  by 
inherent  human  limitations.  There  was  no  point  in  embarking  on  ambitious  experimentation  to  provide 
answers  too  lato  to  affect  the  dooign.  In  the  future,  this  wil1  change:  the  above  constraints  refer  to 
hardware,  not  ooftwar^  and  as  systems  come  to  rely  more  on  software  1,  beoomos  more  feasible  to  try  them 
out  during  their  design. 

Another  human  factors  function  during  the  design  stage  ia  to  alert  designers  to  tho  implications  for 
sale erbion,  training  or  retraining  whioh  their  detailed  design  recommendations  may  entail.  These  implica¬ 
tions  may  not  simply  cover  the  novel  aspects  of  the  system  but  may  also  include  finctiono  whioh  are 
apparently  similar  to  those  performed  hitherto  in  existing  systems,  but  in  fact  would  require  different 
skills  and  abilities  and  might  therefore  lead  to  diffioultios,  particularly  for  older  controllers,  in 
learning  to  adapt  to  them.  The  policy  on  other  relevant  human  factors  should  also  be  considered  dming 
the  design  atage,  inoluding  the  needs  for  ohallenge,  effort  and  interest  in  the  job,  for  responsibilities 
and  status,  for  oareers  and  job  satisfaction,  and  for  knowledge  of  results  and  morale. 

During  the  denial  the  need  may  emerge  for  further  evaluation,  probably  by  real-timo  simulation 
methods  using  a  prototype  system,  to  reBolve  and  c lari iy  uncertainties  and  to  confirm  feasibilities. 

It  may  bo  necessary  to  devise  new  procedures  and  instructions,  to  explore  the  implications  of  a  proposed 
design  ohung#  for  the  rest  of  the  system,  to  establish  the  levels  of  task  performance  likely  to  be 
achieved,  and  to  oonfirm  that  co mmmi cat i ons  and  information  transmission  probloms  oan  ba  overcome.  There 
may  also  be  questions  over  manning,  divisions  of  responsibilities,  the  information  whioh  is  essential, 
optional  or  umacesaary,  the  su.omt  of  processing  and  collation  of  information  which  is  desirable,  tha 
division  between,  automated  and  manual  f motions,  and  the  methods  for  heaping  the  controller  sufficiently 
involved  to  participate  actively  when  required  even  when  fulfilling  a  normally  pasaive  role.  Hany  of 
these  problems  can  of  oouree  be  identified  at  the  planning  stags  and  be  studded  in  general  terns  then,  but 
their  particular  form  in  the  system  may  only  become  apparent  during  the  design,  when  it  becomes  necessary 
to  study  their  detailed,  implications  for  the  speoifio  system. 

Okie  problem  in  design  whioh  has  often  not  bean  successfully  resolved  in  the  past  is  that  of  coraauni- 
cation  between  the  designer  and  the  uaer.  There  ia  the  perennial  complaint,  often  with  considerable 
justification,  that  the  designer  does  not  uiderstand  the  user’s  needs.  Less  often  heard,  but  equally 
cogent,  is  tho  dssigner's  complaint  that  the  user  does  not  understand  what  he  ie  trying  to  achieve,  but 
oritioiseo  him  for  failing  to  deni gr.  what  he  never  intended  or  for  inadequacies  whioh  are  not  doeign 
faults  but  technological,  financial  or  legal  constraints.  The  human  faotors  specialist  should  know, 
enough  both  of  the  designer's  intentions  and  of  the  user's  needs  to  bo  able  to  resolve  some  at  least  of 
the  inoipient  misunderstandings  between  them,  perhaps  through  devising  suitable  training,  «inoe  training 
represents  an  intermediate  stage  between  design  and  use.  Otherwise  systems  and  facilities  may  bo  designed 
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whioh  would  work  properly  if  the  controller  knew  how  they  were  intended  to  funotion,  but  he  never  has  a 
chance  to  gain  this  knowledge.  As  systems  become  teohno logically  more  complex,  there  is  more  information 
about  the  designer's  intentions  to  oonvey  to  the  user,  but  with  visual  displays  and  appropriate  software 
the  materials  are  available  for  adaptive  training  of  the  controllers  in  the  use  of  the  system.  The 
emphasis  on  software  offers  the  advantage  that  it  become  possible  to  conduct  real-time  simulation  studies 
as  part  of  the  design  process,  not  to  verify  decisions  already  taken,  trace  their  implications  and 
quantify  their  consequences,  but  to  try,  by  means  of  feasibility  studies,  to  determine  what  the  design 
decisions  should  be.  This  approach  has  the  further  advantages  of  allowing  prospective  users  to  partici¬ 
pate  in  design  decisions,  and  of  ovolving  some  training  procedures,  since  the  participants  in  simulation 
studies  to  aid  design  nevertheless  need  to  be  trained  in  the  use  of  the  simulated  system. 

The  human  faotors  specialist  lias  to  be  alert  to  the  labelling  of  jobs  and  functions  during  the 
detailed  system  design.  Effeotive  supervision  does  not  become  possible  just  because  it  is  done  by  someone 
called  a  supervisor.  Similar  considerations  apply  to  concepts  such  os  assistant,  monitor,  end  manager. 

A  job  done  by  more  then  one  person  is  not  neoessarily  done  by  a  team  unless  specifically  designed  to  be. 

The  conditions  for  effeotive  supervision,  assistance,  monitoring,  or  teamwork  have  to  be  built  into  the 
system  design:  they  do  not  arise  fortuitously. 

At  tho  system  design  stage,  the  rain  functions  of  the  human  factors  specialist  are  the  following: 

(1)  The  maintenance  of  currant  and  relevant  professional  knowledge  of  human  faotors. 

(2)  The  evaluation  of  the  generality  of  human  factors  data  sources  and  the  applicability  of  their 
findings  to  the  specific  air  traffic  control  system  deeipi, 

(3)  Active  participation  in  the  system  design  processes. 

(4)  The  presentation  and  interpretation  of  relevant  human  factors  data  and  the  demonstration  of  its 
re levanoe . 

(p )  The  statement  of  tho  human  factors  implications  of  design  decisions  as  they  are  made,  particu¬ 
larly  of  some  of  the  less  obvious  implications. 

(6)  The  definition,  where  possible,  of  the  optimum  human  factors  design  decisions  and  of  the  human 
factors  limits  within  whioh  deaisianB  should  be  reached. 

(7 )  Tho  definition  of  human  factors  issues  which  can  bs  recognised  os  problems  but  on  whioh  adequate 
human  faotors  guidance  cannot  be  given. 

(8)  The  specification  of  what  ia  needed  to  obtain  adequate  human  factors  evldenoe  where  it  ie  lacking 
and  on  tho  best  praotioal  compromises  to  obtain  adequate  information  within  timescales  available. 

(J)  The  active  seeking  of  effeotive  praotioal  compromises  which  meet  human  factors  requirements. 

3d  IMPUatSHTATIOM  AND  TESTING 

The  most  widespread  application  hitherto  of  human  faotors  to  air  traffic  control  has  been  in  the 
implementation  and  testing  of  eyetem  or  task  designs,  often  by  attempted  simulation  or  replication  of 
some  on  pacta  of  the  system  or  tho  tasks.  The  role  of  human  faotors  when  applied  to  air  traffic  oontrol 
in  this  way  does  not  differ  markedly  from  corresponding  applications  of  human  factors  principles  in  other 
context a.  Use  i«  made  of  the  human  faotoro  knowledge  of  human  abilities  and  limitations,  of  methods  of 
measuring  people  while  they  are  performing  tasks,  and  of  the  principles  for  the  design  and  analysis  of 
experiments.  Recontly  t  lie  re  has  been  some  change  of  emphasis  towards  conducting  experiments  to  verity 
design  decisions  but  in  general  experiments  during  implementation  and  testing  servo  some  of  the  following 
pis' poses : 

(1)  To  confirm  that  the  design  is  feasible, 

(2)  To  discover  and  resolve  any  teforesson  difficulties  whioh  the  design  may  load  to, 

(3)  To  verily  that  procedures  and  instructions  are  praotioal  and  achieve  the  desirod  aims. 

(4)  To  settle  fins  points  of  detail  in  the  design  in  relation  to  already  agreed  principles. 

(5)  To  examine  the  allocation  of  functions  to  individuals  and  teams  and  to  study  the  associated 
communication  and  liaison  problems, 

(6)  To  provide  empirical  ohaoks  that  the  eyotem  will  fmotion  as  planned. 

(7)  lb  indicate  whether  the  envisaged  operational  benefits  are  likely  to  be  achieved. 

(8)  To  work  out  methods  of  training  and  familiarisation. 

There  tenda  to  be  an  imbalance  between  those  aspects  of  the  systems  implemented  without  being  tested 
and  those  implemented  after  they  have  been  tested.  The  main  reason  for  this  imbalance  is  that  a  great 
deal  of  detailed  thinking  about  how  the  oyatem  will  function,  what  facilities  nhould  oe  provided,  and  how 
they  should  bs  integrated,  is  essential  in  order  to  set  Up  the  testing  process.  Without  the  stimulus  of 
testing,  such  thinking  in  auoh  detail  may  never  be  done.  Often  the  process  is  bo  thorough  that  many  of  the 
findings  of  implementation  and  testing  are  known  in  general  terms  before  the  testing  is  actually  done 
from  the  planning  necessary  for  testing.  Tho  process  of  testing  may  rely  on  simulation  mat hods  and 
empirical  measures  or  may  be  a  logical  progression  through  different  system  states,  where  the  functioning 
of  the  system  is  discovered  or  deduced  and  the  results  are  correlated  with  changes  in  the  system  states. 
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This  latter  procedure  may  be  analogous  to  modelling  the  system,  one  purpose  of  which  nay  be  to  select 
the  most  crucial  topios  and  conditions  for  empirical  testing  and  verification,  if  the  system  as  designed  ie 
built  without  adequate  testing,  some  of  its  inherent  flaws  may  not  become  apparent  until  it  is  too  late  to 
change  them!  in  such  circumstances,  an  effective  human  factors  contribution  has  to  be  baasd  on  a  very 
substantial  body  of  well  established  knowledge  covering  evoiy  aspect  of  the  envisaged  system  and  applied 
at  the  design  stage,  a  contribution  rarely  attainable  in  tho  present  state  of  knowledge.  Therefore,  the 
processes  of  simulation  and  testing  may  both  verify  the  existence  of  suspected  human  factors  problems  and 
reveal  \jisuspected  ones.  Testing  should  also  provide  solutions,  if  they  exist,  to  human  factors  problems 
in  time  for  them  to  be  implemented  for  operational  uae. 

Often  the  human  factors  specialist,  by  training  and  inclination,  is  fmdamentally  research  minded. 

It  is  essential  that  he  does  not  treat  the  processes  of  implementation  and  testing  as  research,  since  by 
this  stage  in  the  evolution  of  tho  system  it  is  far  too  late  to  conduct  research  whioh  will  influence  the 
form  of  the  system  in  a  major  way .  It  follows  that  it  is  not  always  appropriate  to  uae  the  same  expert — 
mental  methods  and  experimental  designs  for  testing  and  implementation  as  would  be  used  for  research.  In 
particular,  onoe  a  procedure  or  function  iB  found  to  be  satiafaotoiy  there  may  bo  no  justification  for 
gathering  further  quantitative  data  about  it.  £uoh  data  are  often  suspect  sinoe  the  equipment  being  rood, 
whether  hardware  or  software,  will  not  necessarily  bs  identical  to  that  in  the  final  operational  system 
but  merely  a  representation  of  it  within  available  technology  and  finaaoe.  Also  the  operators  or  con— 
t rollers  participating  in  the  testing  lack  full  familiarity  with  the  system  and  with  the  potential  traffic 
demands.  Therefore  to  conduct  research-like  studies  seeking  definitive  guidance  on  system  or  human 
capacities,  on  workload  or  on  stress  is  not  likely  to  be  productive  or  valid  at  the  testing  stage.  The 
uystsm  has  been  designed.  The  aim  of  implementation  and  testing  ie  to  ensure  that  it  f motions  in 
accordance  with  tlie  design  intentions,  and  to  make  any  possible  changes  to  achiove  or  enhance  the  planned 
objectives.  Implementation  and  testing  do  not  constitute  an  exclusively  hunua  factors  exercise:  many 
others  have  an  interest  in  confirming  that  the  system  will  work  as  envisaged,  and  their  questions,  aa 
wall  as  human  factors  ones,  have  to  be  answered  during  testing* 

A  further  human  factors  contribution  concerns  tho  methods  of  training  to  use  the  oystem.  Although 
air  traffic  controllers  can  be  trained  in  principles  and  procedures  using  relatively  simple  simulations 
and  demonstrations,  and  although  experienced  controllers  will  already  possess  a  great  deal  of  relevant 
knowledge  before  they  come  to  a  new  air  traffic  control  system,  the  first  praotioal  training  speoifio  to 
an  air  traffic  control  system  oannot  usually  take  placo  until  the  stage  of‘ implementation  and  tenting 
has  beon  reached.  'Then  it  is  not  merely  desirable  to  begin  training  so  that  when  the  oystom  beoomes 
operational  tho  controllers  will  bo  able  to  use  it,  but  it  is  essential  to  devise  training  so  that  the 
system  can  be  tested.  Sometimes  tho  same  simulation  facilities  ore  used  for  evaluation  and  for  training, 
although  this  is  not  ideal  since  the  objectives  are  different  and  eaoh  iB  oerved  best  by  purpoee-built 
equipment.  Also  the  traffic  aamplos  used  for  training  are  aeldom  ideal  fo-  testing  and  evaluation.  In 
order  to  test  tho  system  it  is  necessary  to  train  people  to  use  it:  in  order  to  train  them  it  is  necessary 
to  devise  their  detailed  procedures  and  instructions . 

In  implementing  the  system,  human  faotors  guidance  is  often  desirable  on  the  level  of  training  whioh 
should  be  achievod  bofore  tho  syotem  is  tested.  Two  diatinot  approaches  are  possible.  Cue  is  to  set  a 
standard  or  criterion  whioh  must  be  reached  by  controllers  before  tho  system  can  be  tested,  and  to  peraiBt 
with  training  until  that  standard  has  bean  attained.  This  can  be  administratively  cumbersome  and  pre¬ 
supposes  that  the  standard  is  attainable,  bud  it  does  mean  that  tho  level  of  performance  of  participants 
can  be  olearly  specified.  Thu  alternative  approaoh  is  to  give  a  fixed  training  schedule  or  anoint  of 
training,  at  tha  end  of  whioh  training  is  deemed  to  ho  over  and  the  testing  is  conducted.  This  gives  soma 
indication  of  individual  differences  and  of  whether  the  system  could  continue  to  fuaotion  adequately  with 
poorly  trained  controllers,  although  the  renults  may  not  be  typical  of  those  in  the  final  operational 
system. 

To  test  the  system  properly,  controllers  or  other  operators  must  bo  trained  to  acquire  the  necessary 
operating  akills.  Some  may  prove  unable  to  do  so,  and  either  additional  so  lection  procedures  for  con¬ 
trollers  are  entailed  to  pick  them  out,  or  changes  in  the  facilities  or  training  methods  must  be  devised 
to  remove  the  need  for  the  skills  or  to  acquire  them  by  other  means.  It  is  vital  to  discover  difficulties 
of  this  kind  before  the  system  becomes  operational.  Wormaxly  the  purposes  of  implementation  and  testing 
will  not  revoal  much  about  individual  differences  between  controllers.  Although  some  inkling  of  individual 
controllers*  learning  difficulties  may  emerge,  there  will  not  normally  be  a  good  indication  of  how  prevalent 
these  difficulties  may  prove  to  be.  The  emphasis  in  testing  is  on  making  the  system  work  rathor  than  on 
assessing  the  controllers  and  their  individual  differences. 

Date,  gathering  during  implementation  and  testing  may  bo  misleading  in  terms  of  the  oapaoity  of  the 
system  or  the  workload,  of  the  toako.  Among  the  reasons  for  this  are  that  controllers  have  insufficient 
experience,  that  their  errors  while  inexperienced  may  not  be  typical  of  their  errors  when  the  system 
becomes  operational,  that  the  equipment  is  not  an  adequate  representation  of  the  operations,!  equipment,  or 
that  those  concerned  with  the  maintenance  and  data  integrity  of  the  system  are  also  learning  their  toako,  and 
may  take  some  time  to  trace,  diagnose  and  solve  problemG  correct ly .  Sometimes  the  role  of  tho  controller 
in  testing  is  little  more  than  to  exercise  the  equipment,  although  the  oppor  unity  should  be  taken  to  maku 
whatever  valid  human  factors  assessments  are  possible. 

The  faaoibility  of  a  procedure  may  initially  bo  established  during  testing  by  a  simplified  form  of 
task  or  with  light  and  prediotable  aircraft  traffio.  An  important  aspect  of  human  faotors  advice  is  to 
specify  how  realistic  the  simulation  must  be  to  obtain  valid  data  for  various  purposes  from  testa.  One 
inclination  is  to  opt  for  a  very  complex  simulation  and  elaborate  testing  to  try  to  assess  every  aspeot  of 
tho  system  at  once.  Such  on  approach  may  yield  human  faotors  findings  whioh  cannot  be  interpreted  and 
which  fail  to  provide  a  olear  guide  on  capacities  or  manning  levels.  Excessive  complexity  pgn  make  it 
impossible  to  disentangle  the  different  effeats  of  various  factors  or  to  reaoh  general  conclusions. 

The  role  of  the  human  factors  specialist  during  implementation  and  testing  is  always  interdisciplinary, 
and  sometimes  subsidiary.  Unless  and  until  the  system  or  equipment  can  be  trade  to  function  properly,  and 
the  technical  teething  troubles  have  been  resolved,  there  iB  no  point  ir.  taking  human  factors  measures 
since  the  evidence  obtained  will  be  representative  of  nothing  but  a  nya'-.em  with  teething  troubles. 
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Tho  interactive  human  role  however  may  become  very  important  during  implementation  and  testing.  It  is 
then  that  the  first  attempts  are  made  to  eet  the  equipment  into  an  appropriate  physical  environment,  to  check 
the  interactions  between  the  environmental  factors,  the  physical  workspace  and  the  system  functioning,  to 
test  the  designed  man -machine  interface  and  its  functioning  and  the  typical  errors  which  it  will  generate, 
and  to  ensure  that  all  the  information  and  facilities  are  in  usable  form,  A  modem  air  traffic  control 
system  is  so  complex  that  even  with  full  human  factors  participation  during  the  earlier  stages  of  the 
evolution  of  the  system,  aouie  human  factors  problems  are  likely  to  emerge  for  the  first  time  during  imple¬ 
mentation  and  testing.  Displays  may  have  to  be  modified  in  format  or  content,  the  quantity  of  information 
may  have  to  be  changed  to  fit  the  limitations  of  human  understanding  and  the  rates  of  information 
assimilation,  other  software  changes  may  be  needed,  and  controls  may  have  to  be  modified. 

Modem  techological  systems  have  already  changed  the  role  of  human  faotors  in  relation  to  implemen¬ 
tation  and  testing  of  the  air  traffio  control  system,  and  are  likely  to  change  it  more  in  future.  Most 
existing  systems  contain  a  great  deal  of  fixed  hardware,  originating  from  the  design  stage  and  difficult 
to  modify .  When  these  systems  were  originally  implemented  and  tested,  the  aim  was  to  ensure  that  the 
hardware  was  usablo.  It  was  not  generally  possible  to  modify  the  hardware  grossly  during  or  after  imple¬ 
mentation  and  testing,  even  if  major  deficiencies  were  found.  In  tho  future,  when  more  fuuotions  will 
rely  on  software,  in  principle  far  more  inherent  system  deficiencies  can  be  resolved  by  rewriting  the 
software,  without  entailing  major  costly  hardware  modifications.  The  human  factors  implications  of  this 
for  training  have  not  yet  been  fully  appraised.  In  particular  it  is  clear  that  an  inherent  source  of  error 
may  be  introduced  if  the  hardware  remains  constant,  but,  as  a  result  of  different  software,  existing 
familiar  keys  or  controls  have  now  functions.  In  the  future  tho  human  faotors  specialist  will  need  to 
know  more  about  the  flexibility  and  limits  of  possible  software  changes,  and  the  effort  entailed  in  making 
them,  i.f  he  is  to  give  tha  bast  human  faotors  advice  on  the  modifications  that  should  bo  made  in  the 
interests  of  system  efficiency  and  safety. 

At  the  implemantation  and  testing  stage,  the  main  functions  of  the  human  faotors  specialist  arc  tho 
following: 

(1 )  Participation  in  the  planning  of  testing  to  ensure  that  it  can  produce  relevant  evidence  to 
answer  human  faotors  problems  if  required. 

(2)  The  provision  of  advice  on  aapeots  of  testing  whiah  can  yield  meaningful  rosults  in  human  factors 
terms  and  particularly  of  cautionary  advioe  about  themoB  such  as  workload,  capacities  snd 
stress,  where  findings  from  testing  may  be  spurious. 

(3)  The  explanation  of  appropriate  levels  of  complexity  in  testing  for  obtaining  valid  human  faotors 
evidenoo,  where  tests  that  are  too  simple  may  bo  invalid  beoause  they  are  too  far  removed  from 
operational  conditions,  and  teats  which  are  too  complex  may  be  invalid  beoauso  the  complexity 
obsouires  all  explanations  and  interpretations  of  the  findings. 

(4)  Advioo  on  appropriate  experimental  designs  for  foasibi lity  studios  or  for  the  systematic 
exploration  of  variables, 

(5)  The  definition  of  appropriate  measures  of  human  behaviour  and  exporienoe  in  tooting  and  of  the 
amount  of  information  necessary  to  yield  findings  from  which  confident  generalisations  can  be 
made. 

(6)  The  application  of  general  knowledge  about  human  capabilities  and  limitations  to  tho  envisaged 
air  traffio  control  tasks  and  variables  in  testing. 

(7 )  Recommendations  on  the  nature  and  amount  of  suitable  training  whioh  should  preoede  testing 
and  on  tho  criteria  for  judging  whether  sufficient  training  has  been  given. 

(8)  The  provision  of  advioe  on  the  level  of  realism  or  fidelity  of  tho  testing  conditions  and  of 
tho  traffic  samples  necessary  to  obtain  valid  human  factors  conclusions. 

(9)  Tho  specification  of  the  minimut  physical  environmental  conditions  whioh  should  be  met  if 
these  conditions  are  not  to  invalidate  any  findings. 

(10)  Tho  appraisal  of  human  faotors  aims  in  relation  to  tho  aimo  of  others  so  that  the  testing  as  a 
whole  may  achieve  all  its  objeotives. 

(11)  The  interpretation  of  errorB  and  omissions  during  testing  in  relation  to  their  implications 
far  system  efficiency  and  for  software  or  hardware  ohanges, 

(12)  Tha  identification  of  human  faotors  problems  not  tackled  directly  in  the  testing  but  revealed 
by  i  t . 

3e  OPERATIONAL  USE 

The  first  contributions  by  human  faotors  specialists  to  air  traffio  control  are  normally  made  to  an 
air  traffio  oontrol  system  in  operational  use.  This  is  not  because  contributions  to  operational  systems 
are  generally  the  most  effeotive  way  of  using  human  factors  effort,  but  bocauso  human  factors  problems 
are  recognised  first  as  such  in  systems  in  operational  use  and  the  normal  first  oontaot  of  the  human  factors 
specialist,  with  air  traffio  oontrol  ocoura  when  he  is  asked  to  solve  Buoh  problems.  Often  the  constraints 
already  built  into  the  system  mean  that  he  can  offer  only  palliatives  whioh  help  to  resolve  the  symptoms 
of  tha  problem  but  do  not  tackle  its  root  cause.  In  giving  whatever  help  he  can,  he  usually  makes  it 
clear  that  ha  could  have  made  a  much  moro  effeotive  contribution  if  he  had  beer,  consulted  earlier  before 
the  system  became  operational. 


The  extent  to  whioh  an  effeotive  human  faotors  contribution  is  necessary  in  systems  in  operational 
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•use  should  depend  on  the  quantity  and  quality  of  the  human  factors  contributions  during  the  planning, 
design,  implementation  and  testing  of  that  system,  and  on  the  terms  of  reference  of  the  human  factors 
specialist  as  the  system  evolved.  The  greater  his  contributions  at  earlier  stages,  the  less  should  be 
the  need  for  human  factors  intervention  during  operational  use.  There  will  always  however  be  some  need 
for  human  factors  contributions  to  operational  systems  as  there  are  usually  a  few  problems  which  no-one 
oould  foresee  before  the  system  beoame  operational. 

.  Although  the  sources  of  human  faotors  problems  in  operational  air  traffic  control  systems  cannot 
always  be  removed,  much  can  often  be  done  to  reduce  their  effects  on  the  operational  system.  The  exper¬ 
ienced  human  faotors  worker  employs  a  mental  ohecklist,  based  on  his  previous  knowledge  and  on  the 
literature,  to  identify  the  feature's  of  the  operating  system  which  are  causing  the  difficulties 
encountered.  He  will  usually  be  able  to  recognise  any  gross  deficiency  in  the  workspace  or  in  the 
environment  almost  as  soon  as  he  sees  it  for  the  first  time.  It  may  be  relatively  strai ght forward  and 
inexpensive  to  modify  unsatisfactory  aspects  of  the  physical  environment.  Fostural  problems  related  to 
seating  and  console  design,  inadequate  heating  and  ventilation,  glare  or  reflections,  pools  of  light  or 
darkness,  gross  mismatches  in  the  brightness  levels  of  displays,  inappropriate  ambient  lighting,  shiny  or 
wrongly  coloured  visual  surfaces,  excessive  noise  because  of  incorrect  floor  coverings  or  plastering  in 
the  operational  environment  -  all  those  are  examples  of  human  faotors  problems  which  generally  can  be 
solved  in  operational  systems,  provided  that  some  limited  funding  is  available  and  administrative  ' 

inertia  can  be  overcome.  It  may  also  be  relatively  easy  to  modify  aspects  of  displays,  controls,  or 
communi oati ons ,  depending  on  the  system  design  and  particularly  on  the  extent  of  dependence  on  software. 

A  balance  has  to  be  struck  between  the  wants  and  the  needs  of  controllers.  A  controller  may  express  a 
strong  preference  for  a  facility  which  does  not  seem  to  be  needed.  On  the  other  hand,  he  may  make 
great  efforts  to  compensate  successfully  for  the  absenoe  of  a  needed  facility  which  is  not  provided  and 
cannot  be  introduced  retrospectively. 

The  human  faotors  specialist  has  to  judge  how  serious  the  problems  arising  during  operations '  v  3  are. 
Some  problems  must  be  solved  no  matter  what  the  cost,  to  ensure  either  the  efficiency  and  safe!  the 
system  or  the  well-being  of  controllers.  Others  are  minor  and  do  not  warrant  any  major  expend! ,  ;  of 
time,  effort,  or  money,  but  should  .nevertheless  be  resolved  when  a  suitable  opportunity  arises  such  as  a 
system  refit  or  major  modification.  A  role  of  human  factors  in  resolving  problems  is  to  tiy  and  ensure 
that  the  solution  does  not  introduce  further  problems  in  exohange  for  quite  minor  benefits. 

In  giving  human  factors  advice  on  operational  systems,  the  human  factors  worker  reliea  almost 
entirely  on  his  knowledge  and  on  standard  data  sources  such  as  handbooks.  If  so  little  is  known  about  a 
problem  in  an  operational  system  that  researoh  on  it  would  be  necessary,  a  practical  solution  is  unlikely 
to  be  found  in  time  to  be  implemented  unless  the  problem  is  very  simple. 

Nevertheless,  operational  systems  have  important  links  with  human  faotors  research.  Problems  which 
arise  and  can  be  identified  in  existing  operational  systems  perhaps  in  unremarked  and  unremarkable  form, 
may  be  spotted  as  serious  human  faotors  problems  for  the  future,  and  thus  lead  to  human  faotors  research 
where  the  findings  will  be  applied  to  future  systems  rather  than  current  operational  ones.  Surprisingly 
frequently,  an  examination  of  current  operational  systems  can  give  an  inkling  of  futuro  human  factors 
problems,  especially  if  they  relate  to  known  technological  trends  or  known  attitudes. 

It  is  necessary  to  temper  recommendations  with  practical  considerations  of  their  acceptability, 
practicality  and  cost  in  human  factors  resources.  Certain  problems,  ouch  as  boredonp4,  can  be  identified 
in  air  traffic  oontrol  now  but  occur  in  more  s svere  form  in  other  contexts,  in  the  cobs  of  boredom  in 
air  defenoe  systems;  therefore  techniques  for  its  investigation,  hypotheses,  and  perhaps  even  findings 
about  it  may  be  derived  from  o'-her  relevant  work  initially,  though  they  would  require  verification  for  air 
traffic  control.  Other  problems,  such  as  the  controller's  belief  that  increased  computer  ass is ten cs 
irak e a  it  more  probable  that  he  will  "lose  the  pioture*'35,  may  not  arise  in  quite  the  same  form  anywhere 
else,  and  for  that  roason  must  have  priority  in  the  allocation  of  human  factors  resources  to  air  traffio 
oontrol  problems.  These  problems,  boredom  and  losing  the  picture,  are  both  examples  where  trondo  in 
existing  systems  point  the  way  to  problems  whioh  may  become  more  serious  in  future  systems  unless  there 
is  praotical  human  faotors  research  on  them  in  the  meantime. 

Either  inadvertently  or  as  a  matter  of  policy,  the  human  factors  specialist  may  become  a  channel  for 
complaints  by  users  of  operational  systems,  partly  because  ho  has  to  obtain  usors*  opinions  in  order  to 
do  hie  own  job.  In  identifying  future  problems  in  a  system,  he  should  pay  attention  to  those  whioh  users 
envisage  as  well  as  those  whioh  he  himself  deteots.  He  also  needs  to  be  aware  of  problems  which  management 
or  system  planners  may  envisage  while  others  do  not.  Some  of  the  most  pressing  problems  may  not  concern 
the  physical  environment,  the  workspace,  the  man-maoliine  interface,  or  even  the  conditions  of  employment, 
but  concern  rather  the  influence  whioh  the  controller  himself  has  on  future  plans,  on  design  changes  in 
the  Bystem,  and  on  the  equipment  and  facilities  whioh  he  is  expected  to  vac  ■  A  probable  role  of  human 
faotors  in  future,  and  an  expanding  role  in  some  existing  operational  systems,  iB  the  communication  to 
management  and  planners  of  the  controllers'  needs,  the  explanation  to  controllers  of  inevitable  technical, 
managerial  and  financial  constraints,  and  the  rooojici liation  of  different  points  of  view  to  arrive  at  a 
system  acceptable  to  all,  though  perhaps  ideal  to  acne.  Occasionally  human  faotors  assumes  this  role 
piecemeal  at  the  moment. 

If  the  human  factors  specialist  performs  his  fixrotions  properly,  his  recommendations  should  be  seen 
to  be  independent  of  both  management  and  controllers.  His  role  should  be  based  firmly  on  his  impartial 
interpretation  of  existing  scientific  and  psychological  avidenoe  and  if  it  is  it  should  be  acceptable  to 
all  sides.  His  recommendations  may  not  always  be  palatable  or  welcome  to  all,  but  must  be  even-handed 
and  unbiased.  He  does  not  take  aides,  whether  those  of  management,  controllers,  financiers,  trade  unions, 
governments,  pilots,  or  passengers.  Sometimes  the  judgement  of  the  human  faotors  specialist  on  the 
importance  or  otherwise  of  an  identified  problem  does  not  agree  with  that  of  anyone  else.  If  he  is  sure 
he  is  right  and  there  is  good  evidence  from  other  sources  or  from  his  knowledge  of  man's  capabilities  to 
support  him,  he  must  persist  in  drawing  attention  to  the  problem  he  believes  to  be  important;  if  he  does 
not,  no-one  else  will. 

A  further  role  of  human  faotors  is  to  oonsider  existing  operational  systems  as  similar  to  or  diffei’ent 
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from  proposed  future  ones.  If  there  are  differences,  their  human  factors  implications  in  terms  of 
seleotion  and  training  requirements  for  controllers  need  to  he  identified  at  an  early  stage.  Perhaps 
some  current  problems  can  he  traced  to  inadequacies  in  procedures  or  instructions  which  set  unnecessary 
limits  on  human  capabilities  in  the  system,  or  to  the  failure  of  training  to  instil  and  demonstrate  the 
optimum  employment  of  equipment  and  facilities. 

Examination  of  existing  air  traffic  control  aystoms  can  also  reveal  how  far  the  controllers  actually 
understand  them.  Too  extent  to  which  users  nead  to  know  the  technical  details  of  how  a  system  is  designed 
to  function  is  a  matter  for  debate,  but  if  misunderstandings  lead  to  misuse  o f  equipmont  or  to  the  total 
negleot  of  installed  and  serviceable  facilities,  then  the  reasons  need  to  be  found .  Lessons  may  be  learned 
for  the  future  from  such  misunderstandings  in  current  operational  8ystems. 

In  relation  to  operational  use,  the  main  functions  of  the  human  factors  specialist  are  the  following: 

(1)  Hia  maintenance  of  an  adequate  knowledge  of  current  air  traffic  control  systems. 

(2)  The  development  and  maintenance  of  some  form  of  checklist  of  all  the  human  factors  of  potential 
relevance  to  operational  problems  in  air  traffic  control  systems. 

(3)  The  application  of  general  knowledge  about  the  effects  of  physical  environmental  factors  on 
performance  to  the  physical  environments  of  particular  systems. 

(4)  The  identification  of  human  factors  problems  in  future  air  traffic  control  systems  by  the 
deteotion  of  incipient  forma  of  those  problems  in  current  systems. 

(5)  The  successful  classification  of  human  factors  problems  in  current  systems  as  specific  to  air 
traffic  control  or  general  throughout  large  man-machine  systems. 

(6)  Hie  assessment  of  the  Boale  and  implications  of  proposed  changes  in  air  traffic  control  systems 
in  human  faotors  terms. 

(7)  The  maintenance  of  knowledge  of  current  and,  where  possible,  future  attitudes  of  controllers 
towards  their  jobs  and  working  conditions. 

(8)  Hie  establishment  and  maintenance  of  an  independent  rolo  for  human  faotoru  so  that  itB 
recommendations  are  never  interpreted  as  partisan  or  lacking  impartiality. 

(9)  The  study  of  the  extent  to  which  controllers  understand  the  systems  they  are  using  and  the 
assessment  of  the  optimum  knowledge  of  the  system  which  they  need  to  have  for  effcctivo  and 
aafe  controlling. 

(10)  Hue  persistent  statement  of  important  but  unrecognised  human  factors  problems  until  their 
significance  is  acknowledged. 

3f  SYSTEM  EVOLUTION 

On  the  whole  air  traffic  control  systems  have  evolved,  and  probably  will  continue  to  evolve,  in  the 
sanvs  general  way  as  other  large  man-machine  systems.  The  human  faotors  problems  that  they  pose  ore  not 
the  same  in  all  respects  as  those  of  other  systems:  in  an  ora  of  rapidly  expanding  traffio  demands, 
major  advances  are  required  simply  to  maintain  existing  air  traffio  control  standards.  Problems  In  air 
traffic  control  will  not  disappear  if  no  aotion  is  taken,  and  the  penalties  for  a  major  failure  or  error 
can  be  particularly  severe.  There  are  also  uncertainties  in  deriving  agreed  criteria  for  judging  the 
efficiency  of  what  is  being  achieved,  but  such  uncertainties  are  common  in  large  man-machine  systems 
which  provide  a  servioe  rather  than  make  a  product. 

Many  proposals  during  the  planning  and  design  phases  of  air  traffic  control  systems  have  counterparts 
in  other  systems,  because  technology  is  able  to  turn  these  proposals  into  reality  if  they  are  acceptable. 
Similarly  many  of  the  aspirations  of  controllers  have  counterparts  among  workers  in  other  large  man- 
machine  systems  who  have  been  affected  in  similar  wsys  by  advancing  technology  and  automation-^,  Some 
of  these  ohanges  in  expectations  about  work  are  a  reflection  of  changes  in  attitudes  in  society  as  a 
whole.  Others  come  from  experience  or  hearsay  about  technical  innovations  and  thoir  probable  impact. 

In  relation  to  system  evolution  it  is  possible  for  the  human  faotorsrole  to  be  either  passive  or 
active.  In  its  passive  form,  the  human  factors  specialist  looks  at  new  trendG  and  requiirements  for  air 
traffio  control  and  the  proposals  being  made  to  meet  thsm,  and  deduces  the  consequences  for  the  operator 
in  terms  of  the  nature  of  his  work,  his  well-being,  selection  and  training  procedures,  the  social  context 
of  the  work,  attainable  levels  of  efficiency,  workload,  and  the  kinds  of  human  error  which  ats  possible. 

In  this  passive  role  he  tends  to  take  problems  as  given  and  use  his  skills -to  solve  them  as  best  ho  can, 
or,  where  appropriate,  to  alert  others  to  trends  in  system  evolution  which  may  ultimately  cause  human 
factors  problems  whioh  on  existing  evidence  cannot  be  solved. 

As  an  alternative  the  human  faotors  worker  has  a  more  aative  role.  Instead  of  stating  the  conseq¬ 
uences  of  system  equipment  ohanges  proposed  by  others,  he  con  advance  statements  about  system  ohangeH  and 
forms  of  evolution  that  are  desirable  in  human  faotors  tsrms.  These  consider  the  work  roles  which  would 
make  beBt  use  of  human  attributes  and  capabilities,  the  levols  of  skill  which  are  appropriate  for 
efficiency  and  job  satisfaction,  social  and  humanitarian  needs  of  man  in  the  woik  environment,  and  the 
acceptability  as  well  as  the  efficiency  of  what  others  propose*  Some  of  the  consequent  problems  may  not 
be  ones  directly  concerned  with  system  efficiency.  For  example,  evidenoe  to  associate  boredom  with  poor 
system  efficiency  ie  tenuous:  the  main  reasons  for  trying  to  relieve  boredom  are>  in  system  terms,  to 
prevent  dieenchantment,  high  labour  turnover,  and  high  recruitment  costs,  and  perhaps  come  misuse  of 
equipment,  or,  in  humanitarian  terms,  to  design  and  plan  systems  with  jobs  suitable  for  human  beings  in 
terms  of  interest,  challenge  and  satisfaction  associated  with  the  work. 
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In  the  past,  tho  main  role  of  human  factors  has  tended  to  be  passive  rather  than  active.  Nowadays, 
this  traditional  approach,  while  conceded  to  be  important,  is  not  necossarily  s  ufficient.  There  need  to 
be  studies  of  acceptability,  of  attitudes,  of  pride  and  skill,  and  of  other  human  attributes  often  at 
variance  with  tho  technological  advances  assoaiatad  with  the  evolution  of  modem  systems .  Some  of  these 
problems  have  become  crystallised  in  relation  to  proposals  such  as  the  introduction  of  colour  coding  dis¬ 
plays,  where  the  evidence  in  their  favour  is  almost  all  in  terms  of  increased  morale,  satisfaction, 
interest  and  acceptability,  rather  than  in  terms  of  system  efficiency,  safety  or  reduced  errors^?. 

It  is  part  of  the  job  of  the  human  factors  specialist  to  point  out  the  human  faotorc  problems  which 
proposed  system  changes  may  entail.  Reasons  for  changes  centre  on  groater  capacity,  or  efficiency  or  on 
techno logioal  advancements,  and  their  human  factors  consequences  may  r.ot  be  appreciated.  A  key  theme  is 
the  extent  to  which  the  man  should  adapt  to  technology,  so  that  ohanges  in  technology  imply  new  roles  for 
him  in  the  system^,  or  the  technology  should  adapt  to  him  so  that  he  retains  the  functions  he  iB  best  at, 
and  aids  are  intended  to  extend  human,  as  distinct  from  system,  capabilities. 

In  air  traffic  oontrol  there  is  not  -universal  agreement  on  the  direction  in  which  future  systems 
should  evolve.  Some  believe  that  air  traffic  oontrol  systems  of  the  future  will  become  wholly  automatios 
others  do  not  envisage  such  systems  at  all,  either  because  they  foresee  a  permanent  need  for  possible 
human  intervention,  or  beoause  they  believe  it  would  bo  contrary  to  future  social  policies.  The  deoision 
on  tho  general  direction  in  whioh  air  traffic  control  systems  should  evolve  will  not  be  taken  primarily 
for  human  factors  reasons,  or  with  a  full  knowledge  of  all  its  human  factors  consequences.  Therefore 
whatever  premise  is  adopted  for  long  term  planning,  design  and  system  evolution  in  air  traffic  control, 
some  of  the  human  factors  consequences  will  come  as  a  surprise  unless  the  human  factors  speoialist  can 
identify  them,  describe  them,  and  predict  their  effeots.  A  knowledge  of  what  has  occurred  in  other 
systems,  and  of  the  trends  discernible  in  existing  air  traffic  control  systoms,  nay  help  him  to  fulfil 
this  role. 

As  systems  evolve  with  advancing  technology  and  to  moot  new  neode,  the  roles  of  many  concerned  with 
thorn  tend  to  ohange.  In  air  traffio  control  the  primary  concern  of  human  factors  hac  traditionally  been 
with  the  controller  and  with  soma  of  the  implications  of  proposed  ohanges  for  teams  of  controllers  and 
for  co-ordination  and  liaison  prohlems.  The  roles  of  supervisors  and  assistants  may  alter  as  various 
aids  are  supplied,  to  the  extent  that  such  roles  are  no  longer  feasible.  Different  divisions  of  tasks 
may  be  made,  and  more  flexible  procedures  may  be  followed  to  allow  for  a  very  largo  range  in  traffio 
demands.  Tasks  may  have  to  be  separated  or  amalgamated,  and  more  information  given  about  our rant  status, 
future  intentions,  notions  completed  and  actions  net  yet  taken.  The  communications  problems  therefore 
change  a  great  deal  as  eystemo evolve,  and  so  does  tie  rum-machine  interface. 

Apart  from  the  controller,  other  roloo  change  drastically  as  systems  evolve,  notably  those  in 
computer  programming,  data  gathering  and  Bystem  maintenance.  The  amoimt  and  quality  of  information  in  the 
syotom  far  exceeds  the  capacity  of  human  beings  to  comprehend.  Maintenance  is  based  on  the  routine 
replacement  of  standard  components  and  on  standardised  methods  of  fault  diagnosis  rather  than  on  the 
oxerciso  of  human  skills  of  fault  finding  and  repair  which  relied  on  a  detailed  insight  into  tno  system, 
often  of  a  very  specialised  kind. 

Human  faotor3  contributions  to  system  evolution  are  nonoomed  with  the  whole  range  of  human  faotors. 
At  their  simplest,  they  deal  with  tho  consequences  of  system  evolution  at  the  inan-machins  interface  in 
relation  to  displays,  controls,  facilities  and  their  design  and  implementation,  so  that  they  meet  the 
needs  of  the  man  at  work  and  are  compatible  with  human  capabilities  and  limitations.  More  complex  con¬ 
tributions  oncera  the  human  faotors  problems  of  man  management,  of  acceptability,  of  new  roles  and 
status,  of  expectations  among  employees,  and  of  the  relations  between  tho  controller  and  technology, 
Exoiting  new  technical  developments  such  as  artificial  intelligence,  the  provision  of  various  prediction 
aids,  and  the  feasibility  of  alerting  and  memory  devices,  present  opportunities  for  tho  extension  of 
skills  or  the  acquisition  of  new  onos,  and  for  interesting  jobs.  What  iB  not  dear  is  how  far  human 
factors  policy  ought  to  support  such  further  aims,  presuming  that  they  are  not  incompatible  with 
efficiency  and  safety.  Many  years  ago  the  claim  was  mado  that  human  factors  ought  to  be  conoernod  with 
the  lot  of  the  operator  as  well  as  with  the  efficiency  of  the  Bystem^?.  In  the  meantime  cystoma  have 
continued  to  evolve  with  an  almost  exclusive  conoem  for  their  efficiency,  reliability  and  safety  rather 
than  for  those  who  work  in  them.  As  systems  evolve  in  the  future,  a  policy  will  bo  needed  on  whore  tho 
emphasis  should  be.  Advancing  technology  both  provides  in  principle  a  means  for  ensuring  that  the  chengee 
made  will  be  to  foster  the  skills,  interuuis  and  well-being  of  man,  and  also  provides  possible  means  for 
excluding  the  man  altogether  from  systoms  or  for  casting  him  in  a  very  subsidiary  role.  In  viewing  such 
alternatives,  it  is  the  function  of  tho  human  faotors  specialist  to  give  impartial  advice  based  on  firm 
evidence  on  the  human  factors  oonsequences  of  eaoh  option. 
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CHAPTER  4 

MM  AS  A  SYSTEM  COMPONENT 


4a  LIMITATIONS  OP  THE  CONCEPT 


Because  an  air  traffic  control  system  ia  a  large  man-machine  system  in  which  each  controller  is  a 
component  or  element,  it  is  possible  to  consider  the  controller  as  a  system  component  when  the  function¬ 
ing  of  the  system  as  a  whole,  or  a  part  of  it,  is  studied.  Hie  actions,  and  their  effects  on  the  system, 
can  then  be  expressed  in  torms  compatible  with  the  f emotions  of  other  system  components.  In  studies  of 
an  air  traffic  control  system  or  part  of  one,  separate  analysis  of  oaoh  oomponent  of  the  system,  whether 
it  be  a  man  or  machine  component,  is  often  not  attempted,  but  the  response  of  the  whole  system  or  of  a 
man-maohine  sub-system  within  it  is  examined  by  varying  the  input  to  the  system  or  sub-system  -  that  ia 
the  air  traffic  in  an  air  traffio  control  system  -  and  by  measuring  the  output  from  the  system  or  sub¬ 
system.  The  effeote  of  the  system  cu  the  traffio  can  thus  he  measured.  Judgements  of  the  safety  and 
efficiency  of  the  system  can  be  made  on  the  basis  of  these  measured  effects.  The  contributions  of  man 
and  maohine  within  the  sub-system  are  not  usually  disentangled,  and  therefore  this  method  oannot  reveal 
much  directly  about  human  taslc  performance,  Ui  justified  expectations  tend  however  to  persist  about  the 
insights  into  the  controller  and  his  behaviour  which  trials  and  evaluations  of  systems  and  sub-systems 
can  provide.  A  recent  review  of  simulation  of  air  traffio  control  in  the  United  Kingdom^  classified 
the  themes  in  system  terms,  and  direct  evidence  from  the  controller  was  generally  oonfined  to  subjective 
assessments. 


In  many  respects,  it  is  helpful  to  treat  man  as  a  system  component.  The  approach  has  an  honoured 
history.  Its  origins  can  be  traced  to  Bartlett^  and  to  C railed,  although  the  definitive  influence  waa 
uidoubtedly  the  famous  paper  edited  by  Pitta  in  1 951’^  i  whioh  included  the  list  of  principles  for  the 
allocation  of  funotions  to  man  or  maohine,  subsequently  dubbed  Pitts'  list.  This  paper  waa  originally 
written  for  air  traffio  oontrol;  its  prinoiples  have  sines  been  applied  to  many  other  hinds  of  man- 
maohine  systems.  The  paper  sought  to  define  long  term  research  needs,  and  in  following  a  systems 
approaoh  it  cast  man  and  maohine  in  somewhat  competitive  to la  a  far  the  allocation  of  funotions,  with  a 
rationale  whioh  was  plausible  then  hut  seems  less  apposite  now  because  of  the  weyn  in  Whj  ch  automation 
has  developed. 


This  approaoh  included  the  description  of  human  behavioural  characteristics  end  actions  in  engineer¬ 
ing  or  mathematical  terms,  the  concepts  whioh  had  to  be  used  to  describe  the  non -human  components  of  the 
system.  The  ooi.jnon  language  for  describing  man  and  machine  components  influenced  several  developments, 
iuoluding  mathematical  modelling^*-,  oontrol  theory 44,  and  fast  time  aimulation45.  With  these  or  other 
comparable  techniques,  the  functioning  of  the  system  could  be  described,  explained  or  predioted,  end 
some  aooornt  oould  be  taken  of  human  variability,  should  this  be  warranted  by  the  particular  problem. 
General  toxtbooks32  describe  the  systems  approaoh.  Its  application!  to  air  traffio  oontrol  in  the 
United  States  were  reviewed  hy  Pareons4°  j_n  terms  of  their  methods,  productivity,  findings,  applications 
and  general  scientific  interest. 


The  most  satisfactory  applications  of  techniques  for  describing  the  man  in  engineering  or  mathe¬ 
matical  torms,  judged  hy  their  succeed  in  accounting  for  the  variance,  have  ooourred  when  the  man  was 
performing  continuous  or  discrete  simple  taska  such  ae  tracking,  where  in  many  reBpeots  he  functioned 
similarly  to  known  maohine  components  and  oould  be  doBoribed  adequately  in  similar  terms.  Difficulties 
in  obtaining  adequate  descriptions  arooo  with  tasks  suoh  as  problem  solving,  dsoision  making,  and 
prediction,  where  a  large  residual  varianoa  tended  to  remain  mao  counted  for,  but  more  recant  work 
augurs  well  for  the  extension  of  mathemati oal  modelling  to  higher  mental  fvnotion»47.  Air  traffio 
control  ia  characterised  by  a  hierarchy  of  oontrol  loops  with  different  time  ocale»46j  „hioh  modelling 
techniques  may  help  to  olariiy.  The  systems  approaoh  may  offer  the  bast  prospects  for  integrating  a 
variety  of  methods  such  as  real-time  simulation,  fast-time  simulation,  mathematical  modelling,  oontrol 
theory,  operational  analysis,  eye  movement  recording,  und  activity  analyses  which  oolleotivaly  m*y 
provide  a  bettor  understanding  of  air  traffic  control  than  any  single  technique  oan  furnish  alone. 


Almost  every  Btudy  described  by  Parsons46  treated  man  as  a  system  component  in  the  sense  that 
measures  and  variables  were  appropriate  for  systems  or  sub-eystema  rather  than  human  beings.  This  is 
natural  in  air  traffio  control  where  questions  are  posed  and  anwers  expected  in  system  terms.  System 
studios  can  demonstrate  the  feasibility  of  any  new  concept,  proposal  or  innovation.  Ultimately  the 
juutification  for  introducing  any  changes  to  the  air  traffic  oontrol  system  depends  on  advantages 
expressed  iu  this  way  since  they  oan  be  costed  in  quantifiable  dimensions  such  as  delays,  fuel  penalties 
and  traffio  handling  capacities. 


The  approach  of  treating  man  an  a  ays ten  component  in  air  traffio  control  studies  has  led  to  some 
confusion  over  the  kinds  of  information  about  the  controller  that  suoh  studies  can  yield.  Using  the 
systems  approach,  task  demands  are  stated  in  terms  of  the  traffio  to  be  handled,  and  the  success  of  the 
man-maohine  sub-system  in  satisfying  those  task  demands  is  judged  hy  applying  air  traffio  oontrol 
criteria  of  efficiency  to  the  measured,  output.  While  this  can  furnish  direot  evidenoe  about  task  demands, 
it  cannot  provide  comparably  direct  evidence  about  such  human  attributes  as  workload,  given  that  workload 
is  mediated  by  characteristics  of  the  individuals,  ouch  as  abilities,  experience,  knowledge  and  emotional 
state.  If  the  performance  of  a  sub-system  ia  impaired  as  task  demands  increase,  this  in  a  product  of  the 
interactions  between  the  individual  and  the  equipment  hs  is  using.  For  example,  if  the  controller  seeks 
to  maintain  the  profesi  '■  onnl  standards  whioh  he  believes  his  colleaguis  expect  of  him  as  a  controller, 
quite  substantial  equipment  ohunges  may  be  introduced  without  changing  the  output  from  the  sub-system  in 
relation  to  tha  input  bo cause  the  man's  additional  efforts  mean  that  the  product  of  tho  interactions 
between  him  and  hiu  equipment  remains  almost  constant  as  he  compensates  for  equipment  changes.  For  this 
kind  of  reason  in  evaluations  of  air  traffio  control  sub-systems,  equipment  ohangee  often  apparently 
produce  fewer  tangible  benefits  or  disadvantages  than  expected.  The  fundamental  reason  1b  that  man  and 
machine  aG  a  sub-system  entity  were  measured,  and  the  respective  contributions  of  eaoh  not  disentangled. 
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Similar  problems  have  arisen  in  attempts  to  measure  atreaa5^,  whether  the  oonoept  ie  equated,  with 
cause,  that  is  the  pressure  whioh  the  system  puts  on  the  man,  or  effect,  that  is  the  mac's  response  to 
that  pressure  •  The  problem  is  made  more  complex  because  measures  of  stress  or  workload  in  theoretical 
terms  assess  it  aa  high  or  low,  but  this  avoids  the  practical  air  traffic  control  problem  whioh  is  to 
assess  whether  it  is  too  high  or  too  low  so  that  action  must  be  taken  to  change  it”'.  This  consideration 
of  stress  and  workload,  concepts  whioh  are  tediated  through  the  oharaoterietios  of  each  individual, 
suggests  u  further  limitation  on  the  usefulness  of  treating  man  solely  as  a  system  component,  namely  the 
difficulty  of  dealing  with  human  oonoept  a  thought  to  be  relevant  to  the  performance  of  the  controller, 
but  with  no  machine  equivalent.  The  number  of  such  ooncepts  tends  to  diminish  as  automation  advances 
and  more  higher  mental  functions  nm  be  desorlbed  in  machine  terms.  Concepts  whioh  seem  resistant  to 
machine  descriptions  inolude  those  oonoemed  with  social  factors,  with  teams,  with  peer  pressure,  with 
needs  of  man  at  work,  with  subjective  beliefs  and  attitudes,  and  with  oertain  aspects  of  attention. 

For  many  conoepts,  such  as  pride,  boredom,  status,  effort,  challenge ,  job  interest,  job  satisfaction, 
morale,  professionalism,  and  self  esteem,  expressions  of  them  in  system  terms  are  as  yet  non-existent  or 
inadequate.  A  deceptively  simple  but  in  fact  quite  complex  problem  ie  that  a  machine  ctn  lie  idle  all 
the  time  but  that  a  mm  must  have  some  work  to  do  that  he  oonsiders  sensible  or  as  a  component  he  rebels 
against  the  system. 

Air  traffic  control  has  the  characteristics  of  an  organisation,  and  many  of  the  tenetB  of  organi¬ 
sational  psychology  apply  to  it.  Controllers  develop  their  own  aocepted  professional  norms  and  standard^ 
which  are  relatively  independent  of  management,  equipment  or  other  oircixnatanoesS®.  If  most  forms  of 
automation  are  more  suitable  for  individuals  than  for  teams,  the  role  of  the  team  may  decline,  and  with 
it  the  establishment  of  professional  norms  and  standards  whioh  are  a  team  fuiotion. 

Beliefs  and  their  formation  are  a  mainspring  of  notion.  It  is  not  unusual  in  air  traffio  control 
studies  for  the  systems  evidence  to  be  contradioted  by  subjective  opinions.  Beoauee  controllers  not  on 
their  beliefs  a  main  reason  for  taking  subjective  assessments,  despite  their  known  fallibility,  is  to 
reveal  these  disorepenaies  between  them  and  the  systems  findings.  Therm  are  several  possible  explanations 
for  the  coranon  finding  that  the  introduction  of  oolour  coding  onto  air  traffio  control  displays  does  not 
bring  about  improvements  according  to  system  measures  but  does  according  to  controllers1  beliefs. 

Perhaps  oolour  ooding  is  of  no  help;  perhaps  it  helps  some  funotions  and  hinders  others  and  the  two 
balance;  perhaps  it  helps  the  controller  who  can  achieve  the  same  absolute  standards  of  performance  with 
less  effort;  perhaps  it  is  not  performance  itself  that  is  helped  by  colour  but  something  else  suoh  as 
memory.  Furthor  explanations  oaa  be  offered.  The  point  is  that  because  sub-system  measures  cannot 
differentiate  between  them  they  cannot  provide  an  adequate  explanation  of  what  is  happening. 

Ultimately  if  the  man  is  treated  solely  as  a  system  oamponent  he  is  liable  to  rebel  against  tho 
system.  Therefore  to  treat  him  in  this  way  is  to  treat  him  incompletely  in  some  respects  and  to  negleot 
some  of  his  find  amen  tal  attributes. 

It  is  essential,  however  to  emphasise  one  point.  It  is  not  being  argued  that  man  should  never  be 
treated  as  a  system  component.  For  many  air  traffio  control  purposes,  system  measure  a  and  sub-system 
measures  are  absolutely  essential,  and  constitute  the  optimist  method  for  answering  various  questions, 
but  past  experience  suggests  a  failure  to  realise  that  the  qujBtions  which  system  measures  can  answer 
about  controllers  are  limited  because  of  the  inherent  nature  of  the  measures  themselves  and  of  the  sys¬ 
tems  approaoh  which  they  exemplify.  Tfcoir  praotioal  use  is  essentially  confined  to  answering  system 
questions.  For  questions  about  the  controller  other  kinds  of  measure  are  normally  neoessnry.  This  is 
not  a  new  notion  but  a  restatement  of  the  point  made  hy  Taylor39  twenty-five  years  ago.  T"’  >  earliest 
applications  of  aids  in  man-machine  systems  extended  the  abilities  of  the  man  but  loft  him  fuidsmeniaHj’’ 
in  control.  Controllers  still  prefer  to  think  of  aids  primarily  in  the  form  of  oomputer  assistance  rather 
than  to  think  of  themselves  as  assisting  the  oomputer.  This  distinction  is  fundamental  li  ieoiding  what 
tho  future  development  of  air  traffio  control  systems  and  of  the  controllers  roles  in  them  should 
be?. 53. 

TWO  oonsequenoos  of  the  great  technological  advances  in  automation  need  emphasis.  Cue  is  that 
functions  can  ho  similar  in  system  terms  yet  very  different  in  human  terms,  both  in  their  consequences 
for  the  man  and  in  the  ways  in  whioh  they  mint  be  measured.  The  substitution  of  a  oomputer  decision 
whioh  the  man  must  aocopt  or  rejeot,  for  a  decision  which  he  had  to  reach  manually  ny  choosing  ana. 
evaluating  relevant  information,  may  aaeu  a  snail  step  in  system  terms  where  the  finotion  within  the 
system  remains  almost  the  same,  but  in  human  terms  it  represents  a  very  large  difference  irjeod,  to  the 
extent  that  if  the  syotem  function^  did  not  happen  to  be  the  same  it  would  not  occur  to  a  psychologist 
to  tiy  and  compare  them.  The  second  point  *s  that  »n  automation  advances  it  beaomes  less  and  less 
praotioal  to  measure  human  performance  as  distinct  from  sir'  system  performance  in  air  traffic  control 
systems.  Many  functions  treated  and  moasi rtd  as  human  functions  .a  the  past  have  now  been  automated  to 
the  extent  that  tho  man  and  maohine  oaa  no  longer  be  disentangled.  The  ouri«s ponding  measures  now 
therefore  are  of  the  man-machine  sub-system  and  are  expressed  in  system  terms,  with  all  that  is 
entailed  in  a  loss  of  understanding  and  insight  into  the  man. 

4b  THE  ALLOC ATI  CM  OF  FUtOTTOHS 

It  is  easy  to  give  the  spurious  impression  in  air  traffio  control  and  other  contexts,  that  the 
allocation  of  functions  is  a  far  more  logical  prooess  than  in  faot  it  is.  id»a3 'v,  all  funotions  would 
be  listed,  those  whioh  oould  be  dene  by  maohine  only  or  hy  man  only  would  be  separated  iiw.  those  whioh 
could  be  done  by  either,  and  the  allocution  of  funotions  in  this  last  category  to  either  the  man  or  The 
machine  would  take  account  of  human  capabilities  and  limitations,  of  technological  strengths  arH  weak¬ 
nesses,  of  costs,  of  safety,  and  of  funotions  already  allocated,  so  that  the  outoome  would  be  the 
allocation  of  funotions  to  fom  nensible  jobs  for  eaoh  man,  and  the  successful  integration  of  human 
and  machine  fuiotions  in  the  ayctem.  This  is  not  what  usually  happens.  Instead,  tho  tendency  is  for 
the  machine  to  do  what  it  can,  and  for  the  man  to  do  the  rs«t.  The  criterion  for  allocating  functions 
to  tho  am  tends  to  he  not  hie  ability  to  perform  them  well  but  the  inability  of  the  maohine  to  perform 
them  at  all.  Human  factors  considerations  often  therefore  have  an  insufficient  influence  on  the 
allocation  of  funotions.  This  is  the  background  against  whioh  the  following  considerations  should 


tie  examined., 


The  central  question  in  the  allocation  of  f dictions  is  which  flections  should  be  fulfilled  hy  the 
man  and  which  by  the  machine.  Advances  in  technology  have  now  reached  a  stage  where  it  is  possible  to 
contemplate  in  the  future  a  fully  automated  air  tr&ffio  control  system.  Several  questions  arise,  (tie 
is  whether'  the  fact  that  full  automation  is  becoming  technically  possible  is  a  sufficient  reason  for 
introducing  it.  A  second  concerns  the  sorte  of  role  which  would  be  left  for  the  man  to  fulfil  if  full 
automation  were  introduced.  A  third  is  that  if  ths  decision  is  not  to  introduce  full  automation  what 
kinds  of  reason  oould  lead  to  such  a  decision  and  would  they  be  sensible  in  human  1’aotors  terms.  A 
fourth  is  ths  problem  of  utilising  human  attributes  and  skills  in  systems  at  various  stages  of  semi- 
automation. 

In  the  past*  it  has  bson  customary  in  human  faotors  texts  to  draw  up  lists  of  fwetions  suitablo 
for  man  or  for  machine.  These  were  often  still  being  referred  to  long  after  technological  advances  had 
mode  them  obsolete.  Because  of  differences  in  task  demands,  in  facilities,  in  system  complexity,  and  in 
computer  assistance  in  air  traffio  control  systems  in  diffarent  parts  of  the  world,  compilations  of 
lists  of  fwetions  for  man  or  machine  have  little  general  value  in  air  traffio  control.  The  problem  is 
beet  examined  in  relation  to  each  spooifio  air  traffic  control  system. 

The  list  of  fwetions  suitable  for  allooation  to  nttn  or  maohine  is  -io1-  a  constant.  The  question 
oan  only  be  posed  about  a  limited  numbor  of  filiations.  With  modern  air  traffic  densities  and  the 
equipment  fitted  in  many  modern  aircraft,  a  reversion  to  simple  procedural  air  traffio  control  methods 
is  no  longer  a  practical  option.  Therefore,  many  fwetions  to  do  with  gathering  data  are  not  considered 
for  allocation  to  man  or  machine:  data  gathering  is  dono  automatically.  This  trend  will  continue. 

In  ourrent  systems,  traffio  outside  rudar  coverage,  for  example  in  mid  ooean,  is  handled  in  traditional 
procedural  ways  with  large  lateral  and  longitudinal  separations  between  aircraft  at  the  etuno  height, 
and  with  relatively  infrequent  updating  of  positional  information.  The  large  margins  of  safety  which 
have  to  be  built  into  suoh  a  system  greatly  reduce  its  capaoi ty,  wi th  the  result  that  much  air  traffio 
across  the  Ailantio  at  penk  periods  is  allocated  non-preferred  heights  and  routes.  Concepts  ouch  as 
HAVSTAR  envisage  oo  rani  wi  oat  ions  networks  baaed  on  satellites,  whereby  accurate,  frequently  updated 
information  will  become  available  on  air  traffic^.  When  suoh  innovations  are  introduced  some  human, 
functions  disappear.  The  automated  system  can  produce  data  of  a  quality  which  the  man  cannot  match. 

This  is  a  ruoent  example  of  the  trend  whej-eby  the  sensing,  storage,  collation,  compilation  and 
presentation  of  data  are  now  done  by  machines  to  the  extent  that  euoh  fwutione  do  not  appear  on  lists 
for  allocation  to  man  or  machine.  Thus  as  technology  advances  so  am  fwotions  disappear  from  the  list: 
men  cannot  fulfil  them. 

Thu  list  however  does  not  get  shorter.  New  items  ore  added  to  it  because  technological  advances 
make  it  possible  to  fulfil  fwotions  by  the  maohine  whj.oh  originally  could  only  be  done  by  the  man. 
Predictions,  problem  solving  and  deaiaion  making  are  fwotions  whioh  are  now  on  the  list  but  onoe  were 
not.  Au  mioHinoD  beoome  more  adaptive  in  the  future,  fwotions  requiring  flexibility,  innovation  and 
adaptation  any  os  added  to  ths  list. 

A  further  trend  is  diacerrl ble.  The  fwotions  suggested  for  the  man  tend  to  be  more  passive.  Rather 
than  fulfilling  fwotions  himself,  lie  aheoks  that  the  maohine  has  done  so,  monitors  what  it  doss, 
manages  maohine  resources,  and  assumes  supervisory  roles.  The  reasons  for  this  era  somewhat  irrational 
in  hunan  faotors  tame.  The  man  ie  certainly  not  given  monitoring  fwotions  because  he  Is  superior  to 
the  maohine  at  monitoring,  far  ha  is  not.  Nan  oan  be  innovative  and  flexible  in  ways  which  the  maohine 
cannot  be,  but  only  to  tbs  extant  permitted  by  the  system  design  and  by  his  ourrent  knowledge.  As 
systems  become  ever  more  complex,  it  becomes  more  difficult  to  build  in  facilities  whioh  enable  the  men 
to  be  flexible. 

The  reasons  for  keeping  the  raur.  iu  the  loop,  or  allocating  fwotions  to  him,  seam  eminently  sensible 
when  stated  in  system  terms,  but  when  expreeead  in  human  terns  they  seem  ouapeot,  predicated  on  assump¬ 
tions  whioh  seem  untenable,  such  os  the  ability  of  the  man  to  maintain  attention  and  to  keep  hie 
information  fully  up  to  date  although  he  is  seldom  given  anything  to  do.  Some  modem  air  traffio  control 
systems  ore  reaching  a  stage  of  complexity  where  aspects  of  them  rely  totally  on  the  maohine  sad  where 
the  (complexity  of  the  information  is  beyond  the  sau'o  ability  to  understand.  Some  traditional  fwotions 
for  man,  suoh  at  manual  reversion  in  ths  event  of  system  failure,  therefore  beoome  progressively  less 
feasible.  In  some  systoms,  ths  man  oan  no  longer  take  over  the  machine  fwotions  effectively  in  the 
•vent  of  a  failure,  although  ho  might  be  able,  perhaps  with  the  aid  of  traffic  displays  oarried  in  air- 
oraft  oookpitB,  to  maintain  safe  separations  between  traffio.  A  failure  would  than  lead  to  serious 
defeats  in  the  efficiency  of  the  air  traffic  control  system  but  would  not  jeopardise  air  safety.  In 
considering  ths  allooation  of  fwotions  to  man  or  machine,  a  further  frame  of  reference  should  be  con¬ 
sidered.  If  a  funotion  ie  already  being  performed  by  the  controller  at  a  level  which  is  near  the 
theoretical  optimxn  then  any  prospective  further  improvement  if  the  fwotion  ie  automated  must  be  small. 
However,  if  ths  men  is  inefficient  and  hie  performance  of  the  fwotion,  though  impressive,  falls  for 
short  of  the  optima,  there  ore  at  least  prospeote  of  s  substantial  improvement  of  system  funotion 
whioh  mey  be  attained  oither  by  automating  the  funotion  or  by  recosting  its  manual  form.  In  the  poet 
thin  perspective  has  not  always  been  used,  and  aids  have  sometimes  been  developed  for  fwotions  whioh 
tlie  unaided  controller  was  already  performing  very  well.  Surprise  has  been  expressed  when  the  aids  have 
apparently  not  produced  much  benefit.  This  kind  of  criterion  should  have  soma  influence  over  the  re- 
allooation  of  manual  fwotions  to  maohinas. 

If  man  or  maohine  are  treated  os  (competitive^  or  M  complementary^  1,  the  implication  is  that  i 
oorruct  decision  ie  possible  about  how  each  fwotion  should  be  allooated.  Vet  soma  fwotions  may  be 
performed  equally  well  by  man  or  by  machine  whereas  come  nay  be  suitable  for  neither.  Technology 
develops  in  wuyB  which  arc  independent  of  human  factors  end  there  is  no  a  priori  reason  why  ths  products 
of  technology  should  relate  to  hunsui  fwotions  in  ary  particular  way*  Logically  they  are  independent. 

It  does  not  even  follow  that  a  man  oan  uee  a  technological  innovation,  or  that  the  fwotions  of  man  and 
machine  can  be  reoonoiled.  In  sanual  and  automated  forms  equivalent  fwotions , may  not  be  sufficiently 
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similar  to  be  comparable.  If  they  are  and  man  and  naohino  are  compared  performing  the  same  functions, 
the  findings  from  such  otudies  have  to  bo  treated  with  caution.  If  the  man  is  found  to  be  oupeiior  to 
the  machine ,  great  effort  la  devoted  to  improving  the  maoidne  until  it  equals  or  surpasses  him,  but  com¬ 
parable  effort  is  not  made  to  improve  the  man's  performance  till  it  reaches  that  of  the  machine  if  the 

latter  is  superior. 

The  option  of  fulfilling  a  finction  by  both  man  and  machine  working  in  parallel  is  not  normally 
considered.  However,  given  that  tile  need  in  air  traffic  oontrol  is  to  maximise  safety,  and  that  on  the 
whole  man  and  maohine  do  not  make  the  same  kinds  of  error,  there  soemB  a  case  to  fulfil  appropriate 
funotions  by  both  man  and  maohine  independently  sinoe  oach  should  redress  some  of  the  deficiencies  of  the 
other.  This  radical  approach  poses  many  practical  difficulties  but  has  the  incidental  benefits  of  keep¬ 
ing  the  man  attentive  and  in  the  loop,  permitting  manual  reversion  more  readily  if  required,  maintaining 
the  man  in  a  state  of  our  rent  practice,  and  probably  providing  bettor  job  interest. 

A  stags  has  now  been  reached  where  a  clear  decision  is  necessary  on  future  policy  regarding  the  role 
of  the  controller  in  air  traffio  control  systems,  as  a  guide  to  the  successful  allocation  of  functions. 

Even  the  notion  that  new  technology  will  be  introduced  and  that  the  man  will  fulfil  new  roles  in  relation 
to  it  plaoea  the  burden  of  adaptation  on  the  man  in  an  era  when  one  of  the  striking  aspects  of  many 
technological  advances  is  their  adaptability.  A  further  factor  whioh  is  clearly  a  matter  of  policy  is  the 
extent  to  whioh  air  traffic  control  should  meet  changes  in  human  wishes  and  aspirations  regarding  careers 
and  jobs.  If  the  policy  is  that  controllers  will  continue  in  air  traffic  oontrol  but  only  in  supporting 
roles,  this  implies  that  they  must  have  sensible  roles  to  fulfil.  On  the  other  hand,  if  the  policy  iB  to 
keep  the  controller  in  a  central  role  and  to  think  of  oomputors  as  aids,  this  too  could  fail  unless 
deoisiona  about  the  allocation  of  f motions  pay  heed  to  the  roles  whioh  man  can  fulfil  adequately  and  to 
the  conditions  whioh  must  be  met  before  he  oaa  do  so.  Kan  1b  a  poor  monitor,  to  tha  extent  that  nowadays 
it  soaroely  seems  sensible  to  put  monitoring  funotions  on  a  last  far  consideration  for  allocation  to  man 
or  maohine.  It  nay  be  impossible  in  the  future  to  design  a  system  whioh  allows  effective  supervision  to 
tako  plaoe  and  some  funotions  such  os  supervision  require  close  scrutiny  as  automation  progresses.  If 
the  men  is  to  be  an  effective  manager  of  resources,  this  may  imply  a  much  more  thorough  ixiderutanding  of 
those  resources,  of  how  they  can  bo  marshalled,  and.  of  what  they  can  and  cannot  do,  than  moat  controllers 
currently  possess.  If  the  intention  is  for  man  to  be  employed  as  an  innovative  and  flexible  intervener 
in  tha  event  of  major  system  failure,  but  otherwise  os  a  monitor  and  imnager  of  rosourcoB,  it  is  very 
difficult  to  provide  the  means  for  him  to  fulfil  suoh  funotions  effectively  in  automated  systems. 

In  formulating  air  traffic  oontrol  policy  about  the  allocation  of  funotions  to  man  or  maohine,  one 
obvious  point  needs  emphasising.  Those  who  do  plan  systems  and  formulate  policy  do  not  themselves  take 
kindly  to  suggestions  that  their  own  funotions  could  be  fulfilled  automatically,  although  often  sunh 
planning  funotions  oould  In  faat  be  automated.  Air  traffio  control  lore  react  similarly  to  proposals 
which  suggest  to  them  that  their  jobs  could  be  full*,  alternated.  Plans  on  that  basis  therefore  meet 
resistance.  Thie  is  not  a  judgement  on  the  rights  and  wrongs  of  tha  situation,  but  a  statement  of  what 
to  expect.  Human  fwotoro  knowledge  generally  permits  predictions  of  this  kind,  and  can  usually  pick  out 
the  aspeots  Of  automation  whioh  will  engondar  the  fiercest  resistance.  Suoh  attitudes  among  the  human 
components  of  the  system  also  have  no  maohine  equivalent. 

4a  Erasers  OF  AUTOMATION  AND  COMPUTER  ASSISTANCE 

The  oonoepta  of  automation  and  of  computer  assistance  are  sometimes  treated  an  synonymous  in  air 
traffic  oontrol,  and  whore  automated  aids  are  introduced,  their  effects  may  be  similar.  However,  to  the 
controller  automation  tends  to  imply  the  replacement  of  one  of  his  funotions  by  on  automated  function, 
whereas  computer  aaaistance  leaves  him  in  a  central  role  but  provides  some  automated  facilities  to  help 
him  to  do  his  job.  Tha  concepts  therefore  have  different  emotional  connotations  for  him. 

The  earliest  forms  of  computer  assistance  tended  to  be  extensions  of  man's  own  functions,  assisting 
him  with  data  gathering,  storage,  compilation  or  presentation.  His  functions  whioh  used  specialised  air 
traffio  oontrol  skills  were  generally  left  intaot.  Measurements  of  the  man  with  ouoh  aids  could  still  be 
expressed  in  terms  of  his  performance  rather  than  in  terms  of  system  performance. 

The  next  stagen  of  computer  assistance  affeoted  oertain  human  r unctions  diroot ly,  mainly  by  replacing 
routine  tasks.  For  example,  tha  introduction  of  secondary  radar,  ooupied  with  the  appearance  on  the  radar 
display  of  a  label  for  each  aircraft  giving  its  identity  and  height,  reduced  substantially  the  verbal 
communication  In  tween  1U*  controller  and  pilot  but  also  changed  what  the  controller  know,  so  that  he  had  to 
take  additional  etepe  to  top  up  his  memory  by  oalling  down  information  for  that  purpoee.  His  understand¬ 
ing  of  the  traffio  seemed  changed  in  some  ways,  perhaps  beoauee  of  his  less  direct  involvement  and  loss 
detailed  participation  in  its  oontrol.  Suoh  kinds  of  computer  assistance  were  a  long  way  from  full 
automation  of  funotions,  and  their  effects  on  the  man's  role  were  incidental  rather  than  planned.  The 
aids  were  Introduced  because  so  much  information  had  to  be  gathered  and  stored  and  because  it  was  possible 
to  have  more  aoourate,  more  frequently  updated  sad  more  reliable  information  by  traasponding  it  direotly 
rather  than  by  relying  on  speech.  No  matter  how  busy  the  controller  became,  his  information  gathering 
was  not  dopoadeat  on  verbal  channel  oocupanoy  time.  It  waa  argued  that  suoh  forms  of  comp  eer  assistance 
reduced  oertain  routine  aspeots  of  his  taskB,  like  speech  workload,  and  freed  sera  time  for  other 
funotions  such  as  decision  making.  This  sounded  plausible  but  did  not  seem  to  work. 

The  assumption  was  that  the  man's  mental  capacity  for  air  traffic  oontrol  was  in  some  way  fixed  or 
constant,  so  that  the  reduction  of  one  kind  of  loading  would  permit  a  commensurate  increase  in  another 
kind  of  loading^.  In  air  traffio  control  the  bulk  of  evidence  refutes  this  notion,  and  a  measured 
reduction  in  one  kind  of  loading  has  not  led  to  oo.umenaurate  measurable  improvements  in  others.  Bto’-;- 
reasons  can  be  advmoed.  cue  ia  that  the  reduction  in  verbal  workload  does  indead  free  resources  ’  t 
these  resources  ore  used  up  by  additional  funotions  whioh  are  a  direct  result  of  the  change  intrar 
like  additional  keying  tasks  to  top  up  the  memory.  A  second  reason  oould  be  that  resources  are  f  . 
but  it  is  not  possible  to  designate  the  way  in  whioh  they  will  be  used,  oo  that  they  might  be  dep 
in  unmeasured  ways.  A  third  reason  could  be  that  the  freed  resources  are  ucod  in  the  desi^uated  v. 
but  that  performance  of  the  tasks  is  not  improved  by  devoting  more  resources  to  them.  The  fourth  return 
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is  that  the  notion  that  man’s  information  processing  oapaoity  is  fixed  could  he  wrong,  whether  based  on 
filtor  thoorioaSS,  on  theories  of  fixed  resources^*'  on  theories  of  the  variable  allocation  of  fixed 
resources,  or  on  theories  that  other  factors  such  as  strategies  remain  constant. 

This  fourth  reason  has  some  support  on  several  grounds,  The  controller  may  adapt  his  strategies  to 
the  traffio  loading,  and  probably  to  other  factors,  so  that  while  loading  can  be  measured  indirectly  by 
traoing  changes  in  these  strategies  it  cannot  be  predicated  on  the  assumption  that  information  processing 
load  is  a  fixed  Quantity 57 .  Also,  the  theory  that  man  has  a  fixed  information  channel  capacity  is  itself 
su3peot,  either  because  he  has  a  capacity  whioh  is  variable  and  oan  be  expandedSo,  or  because  when  it 
comes  to  air  traffio  control  theoretical  notions  of  wording  memory  appear  to  be  misleading^,  or  because 
air  traffio  control  lends  itoslf  to  parallel  as  veil  as  serial  processing  of  information,  and  to  the 
extant  that  man  oan  function  as  a  parallel  processor  his  capacity  may  not  appear  to  be  oonstant.  For  a 
variety  of  reasons,  including  the  inadequacy  of  ourrent  theoretical  constructs  to  provide  adequate 
psychological  explanations  for  the  performance  of  many  air  traffio  control  tasks,  some  forms  of  computer 
assistance  oan  introduce  isipredioted  changes ,  the  causes  of  whioh  can  be  difficult  to  trace. 

A  further  stage  of  computer  assistance  extends  beyond  the  gathering,  storage,  presentation  and 
retrieval  of  data,  for  the  computer  is  used  in  ways  whioh,  though  they  are  ostensibly  still  forms  of  com¬ 
puter  assistance,  in  fact  alter  the  balanoo  of  responsibility  subtly  in  favour  of  the  maohlns.  Many 
prediction  aids,  aids  t.o  decision  making  and  aids  to  problem  solving  come  wider  this  heading.  They  may 
indeed  extend  the  man's  ability  and  enable  him  to  perform  tasks  more  efficiently  than  he  could  without 
them,  but  in  doing  so  they  affect  not  simply  the  processing  and  presentation  of  information  to  him  but 
the  development  of  his  skill  and  ixiderstanding.  lhey  may  also  alter  the  uncial  climate  in  whioh  the  work 
is  done,  often  replaaing  man  to  man  relationships  with  man  to  machine  relationships.  Although  th®  appli¬ 
cations  of  computer  assistance  to  data  handling  may  be  as  effeotive  for  teams  aa  for  individuals,  the 
current  level  of  technology  tends  to  provide  much  more  effeotive  assistance  in  problem  solving,  deoieion 
making  and  prediction  for  the  individual  controller  than  for  teams,  and  may  therefor®  tend  to  reduce  the 
role  of  team  functions  in  air  traffic  control.  In  aystam  terms,  it  may  seem  vaiy  similar  to  ask  the  man 
to  aocept  or  reject  ths  computed  solution  to  a  problem  instead  of  asking  him  to  work  it  out  for  himself. 
However  when  these  functions  are  expressed  in  human  rather  than  system  terms,  they  appear  very  different, 
to  the  extent  that  it  can  be  very  difficult  to  find  common  measures  or  concepts  in  whioh  to  express  them 
both  adequately  for  purposes  of  comparison. 

A  further  problem  of  trust  arises  particularly  if  aids  do  not  reach  the  same  conclusions  or  decisions 
as  the  unaided  man.  To  soma  extent  if  they  always  do,  there  may  be  no  point  in  having  them  unless  they 
are  very  much  quiaker  than  he  is.  A  justification  of  the  aid  is  that  the  decisions  should  in  some  respect 
bo  better,  and  this  implies  that  they  will  sometimes  be  different.  There  is  therefore  a  problem  in  con¬ 
vincing  the  man  that  they  are  right.  If  he  takes  an  air  traffic  control  decision  manually,  he  knows  what 
factors  ho  has  considered  and  what  new  evidonoo  would  warrant  a  revision  of  his  dooision,  and  in  general 
the  faotoro  whioh  he  considers  arc  relatively  few  and  their  weighting  relatively  simple.  The  computed 
solution  whioh  the  man  is  asked  to  accept  or  reject  is  likely  to  be  based  on  far  more  complex  information, 
with  much  more  complex  weighting  of  the  evidence.  The  man  however  may  not  know  this  or  understand  it. 

He  oan  thon  be  oakod  to  accept  or  reject  a  computed  solution  on  far  less  evidenoe  than  has  been  used  in 
formulating  the  solution  in  the  first  place.  This  is  not  ths  way  to  achieve  system  efficiency  or 
satisfactory  man-machine  relationships.  This  is  therefore  the  kind  of  application  of  computer  assistance 
whioh  may  meet  resistance  on  the  part  of  iha  controller  who  begins  to  believe  that  some  of  his  respon¬ 
sibilities  and  traditional  filiations  &rs  being  eroded,  and  does  not  accept  os  a  form  of  assistance  an 
aid  whioh  renders  his  own  role  aubserviont  or  subsidiary . 

Further  forma  of  computer  assistance  can  bo  envisaged.  Currently,  whi  la  ths  man  lwim  from  his 
experience,  the  computer  generally  does  not,  but  thsre  is  no  rsavon  why  it  should  not  be  adaptive  in 
future.  Many  forms  of  computer  assistance  have  traditionally  boon  most  useful  under  conditions  of  light 
or  nodium  traffio  loading  when  they  are  least  needod:  this  is  moat  noticeable  in  tabular  displays  of  air 
traffic  control  information.  The  email  amount  of  data  on  them  in  light  traffio  is  readily  sen. mod,  but 
whan  heavy  traffio  is  being  handled  ths  much  larger  anoint  of  displayed  data  leads  to  a  search  task  exactly 
when  the  controller  haa  least,  time  to  perform  an  additional  search  task.  The  inherent  flexibility  of 
modern  developments  in  software  oould  enable  the  computer  to  adapt  to  the  loading  of  the  syetem  in  the 
form  of  asoiatanoe  which  it  provides,  just  aa  the  man  adapts  his  procedures  to  ths  loading  of  tho  system. 

Ultimately  with  full  automation  man  could  be  removed  frum  his  present  role  as  a  system  component,  and 
recant  in  the  role  of  system  manager,  programmer  or  maintainer.  Already  with  more  advanced  typos  of 
asaietanca  reversion  to  manual  control  is  very  difficult,  and  a  likely  oorollaiy  of  full  automation  is 
that  reversion  to  manual  control  in  the  event  of  a  system  failure  would  become  virtually  impousiblo.  This 
problem  is  not  unique  to  air  traffic  control:  possible  remedies  lie  in  the  duplication  or  even  tripli¬ 
cation  of  systems.  Tho  requirements  for  the  workforce  of  controllers  would  ohange  greatly.  Currant 
selection  procedures  do  not  primarily  seek  oomputer  programmers  or  managers  for  systems  but  individuals 
who  have  the  desirable  attributes  and  abilities  for  essentially  manual  forms  of  air  traffio  control, 
whoro  the  >aoi  in  kipt  full,"  in  the  loop. 

In  rocent  years  there  has  been  much  more  interest  in  the  effects  of  automation  and  computer  assistance 
on  tho  man  and  on  the  men's  roles,  and  u  greater  acknowledgement  that  factors  ouch  os  job  satisfaction  and 
the  retention  of  existing  skills  should  bo  considered  if  man  aa  a  system  component  is  to  remain  offioient. 
[{datively  little  evidence  has  been  gathered  as  yet.  although  studies  are  in  progress,  to  determine  how 
air  traffic  oontrol  systems  of  the  future  in  more  automated  forms  can  still  remain  satisfying  and  challen¬ 
ging  for  those  who  work  in  them,  so  that  the  iron  oan  oontinuo  to  perform  his  fuiotionu  as  a  system 
component  efficiently  for  as  long  as  he  is  within  the  system. 

Hie  introduction  of  various  forms  of  computer  assistance  removes  some  existing  sources  of  error  and 
brings  in  new  ones,  many  of  whioh  are  prediotable.  The  replacement  of  verbal  cc  ran  uni  cation  bi  tween 
pilot  and  controller  by  data  tronoponded  from  air  to  ground  to  appear  on  the  controller's  display  means 
that  his  main  mistakes  are  ns  longer  those  of  phonetic  confusions  but  rather  of  visual  misreadings.  Sven 
the  errors  due  to  axpeotanoies  alter  in  prediotable  ways.  Looking  ahead  to  the  possibility  of  using 
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speech  in  the  fora  of  automated  a peach. recognition,  although  the  incidence  of  errors  may  he  similar 
between  voice  recognition  end  keyboard®  ,  the  kinds  of  error  which  will  he  made  are  uot  necessarily  the 
same.  Suck  new  technological  developments  in  the  form  of  automated  upeech  synthesis  and  automated  Bpeeoh 
recognition  bring  new  kinds  of  error  which  are  just  in  the  prooeee  of  hoing  disoovored,  the  initial 
eraphaaie  being  to  prove  the  technology  until  it  is  sufficiently  reliable  to  be  taken  seriously  for  prae- 
tioal  applications,  rather  than  to  study  in  detail  the  exaot  kinds  of  error  whioh  might  be  associated 
with  it. 

When  various  forma  of  computer  assistance  or  automation  are  introduced,  more  emphasiB  ie  needed  on 
the  system-induced,  errors  that  they  may  bring,  and  on  the  human  errors  associated  with  various  systems 
procedures.  The  full  potential  of  using  nsan-maohino  relationships  to  remove  as  many  error  sources  as 
possible  has  not  hitherto  been  the  prime  emphasis  in  meet  systems,  but  as  technology  becomes  so  reliable 
in  other  respeots  this  approach  needs  to  be  examined.  One  way  to  use  computer  assistance  and  automation 
is  to  remove  oertain  kinds  of  human  error  from  the  system  altogether,  by  preventing  certain  actions,  by 
querying  others,  or  by  drawing  the  controller's  attention  to  apparent  anomalies  over  more  insistently 
until  he  responds. 

There  are  some  major  differences  in  national  polioies  on  the  extent  to  which  man  should  remain  as  a 
system  component  in  the  loop  in  air  traffic  control  in  the  future,  and  on  the  extent  to  whioh  full  or 
partial  automation  should  alter  his  traditional  functions.  Clearly  further  automation  will  oome,  and  is 
desirable  in  principle.  However,  experience  of  automated  aids  so  far  is  that  they  have  sometimes  failed 
to  fulfil  the  claims  initially  made  for  them,  partly  because  their  relationships  to  the  men  were  not 
fully  understood  or  some  of  their  inoidontal  consequences  for  him  were  not  foresoen.  To  obtain  the  moot 
effioiant  performance  from  man  as  a  system  component  entails  enlightened  decisions  on  how  his  abilities 
are  beet  used  in  aonjuaiotion  with  those  of  the  machine.  Tide  line  of  thinking  requires  the  striking  of  a 
bnlonoe  to  get  the  beet  both  from  technology  and  from  the  man.  It  means  that  in  uoms  oirounstsncea  the 
man's  role  must  ohnngo  in  order  to  utilise  to  the  full  the  advantages  of  technology.  In  other  respects 
it  means  that  in  order  to  utilise  to  the  full  tha  man's  unique  abilities,  technology  itself  must  be 
modified  to  help  the  man  to  achieve  what  he  does  best. 

4d  THE  WAN -MAC  HI  IE  INTEHi'ACB 

This  general  concept  is  used  to  desaribo  the  relationships  that  are  possible  between  machine  and  man 
at  his  individual  workspace,  and  in  particular  the  means  by  whioh  information  can  be  conveyed  from 
machine  to  man  (displays),  snd  from  man  to  machine  (controls).  The  design  of  the  raw  -machine  interface, 
and  tha  facilities  provided  within  it,  determine  what  the  man  as  a  aystem  component  can  do.  The  man- 
machine  interface  must  therefore  meet  the  needs  both  of  tha  new  end  of  the  system.  When  differences  are 
introduced  in  the  form  of  changes  to  diupiaye  or  oontrols,  the  consequent  change  in  the  output  from  the 
sub-cyetem  of  man  and  machine  is  normally  measured,  but  not  the  separate  contributions  of  the  machine 
and  of  the  man  to  that  output. 

The  prihciplon  for  upoci tying  the  attributee  of  the  man-maobine  intorfaoe  are  normally  fairly 
straightforward,  but  thsre  are  difficulties  in  their  application.  A  statement  of  the  functions  to  be 
fulfilled,  oouplod  with  techniques  ouoh  os  task  analysis,  con  roveal  the  information  whioh  the  man  must 
have  displayed  to  him  in  order  to  perform  all  hie  tanks  efficiently.  The  same  principles  can  reveal  ths 
aotiono  whioh  it  iu  nocooeary  for  ths  man  to  perform  from  which  the  controls  whioh  h»  must  have  can  bo 
deduced.  Kany  of  the  prinoipleo  in  human  engineering  handbooks  can  bo  implemented  in  the  detailed 
design  of  environmental  and  workspace  aspects  of  the  man -machine  interface.  These  can  ensure  for  example 
that  all  visual  Information  is  well  above  the  visual  threshold,  given  relevant  information  such  as 
ambient  lighting,  viewing  distances,  eyesight  standards,  and  details  of  the  tasks.  They  can  also  enuure 
that  oontrols  uuoh  as  keyboards  are  correctly  looatod  with  optimum  spacing  between  them  for  human  use, 
provided  that  there  are  not  too  many  controls  competing  for  too  little  shelf  spaco.  However,  while 
methods  of  tank  analysis  may  show  the  information  whioh  has  to  bo  transmitted  from  man  to  machine  and 
vice  versa,  it  is  still  necessary  to  ensure  that  the  information  provided  is  in  an  intelligible  form 
to  the  man  and  that  the  information  conveyed  by  the  use  of  oontrols  oan  be  accepted  by  tiro  machine.  It 
is  trite  but  important  to  emphasise  that  if  no  provision  has  been  made  for  presenting  a  particular  kind 
of  information  then  the  machine  cannot  present  it  to  the  man,  and  if  no  control  has  been  provided  to 
permit  a  particular  human  fraction  to  be  fulfilled,  then  the  man  cannot  instruct  the  machine  to  take  the 
appropriate  aotion.  Han  os  a  system  component  is  entirely  limited  in  hie  f motions  in  relation  to  the 
machine  by  what  ia  provided  at  the  mon-machine  interface. 

The  integrative  nature  of  tha  man-machine  relationship  ia  represented  by  descriptions  of  the  raw- 
maolUne  symbiosis,  indicating  their  mutual  dependence  and  interactions^.  As  functions  for  tha 
controller  proliferate,  it  becomes  even  mere  important  to  design  hie  workspace  so  that  the  relations 
between  oontrols  and  displays  are  self-evident.  Complicated  control  sequonces  whioh  are  difficult  to 
remember  may  prove  to  be  more  trouble  than  they  are  worth  when  the  controller  is  buoy.  Displays  may 
contain  all  the  essential  information  for  a  tank,  but  if  the  level  of  do  tail,  the  codings,  or  tha  methods 
of  collation  are  wrong,  the  man  may  find  the  information  incomprehensible.  The  general  emphasis  has 
boon  on  the  provision  of  information  as  an  end  in  itself,  with  insufficient  regard  to  the  known  limita¬ 
tions  of  human  beings  in  their  ability  to  understand  and  use  it^i, 

A  oruoial  attribute  of  the  man-machine  interface  is  the  extent  to  whioh  tha  man  is  expected  to  show 
initiative  or  to  aot  at  the  behest  of  the  machine.  The  daoision  on  this  ioeus,  if  not  formally  taken, 
is  nevertheless  inherent  in  the  design  of  the  interface  itself.  The  design  has  failed  if  a  particular 
aotion  is  needed  to  unsure  efficiency  or  safety  and  the  controller  recognises  correotly  what  that  aotion 
ie,  but  iu  unable  to  implement  it  either  because  he  cannot  remember  whether  it  ia  possible  to  do  so  or 
znt,  or  because  ho  cannot  remember  what  to  do  in  order  to  implement  it. 

The  ourpoee  of  displays  is  generally  considered  to  be  the  presentation  of  information  to  enable 
basis  air  traffic  control  tasks  to  be  done,  and  the  evaluation  of  displays  may  be  restricted  to  that 
function.  Air  traffic  control  displays  now  and  in  the  future  may  have  to  fulfil  the  following  additional 
f  motions : 
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(1 )  A  memory  aid,  to  give  promptings  or  reminders  on  appropriate  actions  particularly  In  unusual 
oirounstanoea,  and  on  the  facilities  available  to  the  controller  .uartioularly  for  selective 
retrieval  of  iaforention. 

(2)  A  problem  solver,  to  formulate  solutions,  perhaps  for  the  man  to  accept  or  reject. 

(3)  A  deoision  maker,  to  etate  that  oonflicts,  deviations,  infringements,  eto  are  present, 

.  rather  than  rely  on  human  judgements  about  them. 

(4)  An  attention  getter,  to  alert  the  man  to  particular  events,  states,  or  data,  or  to  direct  hie 
searching. 

(5)  A  predictor,  to  enable  the  man  to  see  future  states  oonaequsnt  on  our rent  motions  before  he 
mutually  takes  those  motions. 

(6)  A  feedback  of  the  effeote  of  motions,  to  give  the  man  knowledge  of  the  conaequanoss  of 

what  he  does  and  hence  to  permit  learning,  improve  effectiveness,  and  foster  the  aoquisition  of 
skills. 

(7)  A  teaching  aid,  to  utilise  the  potential  for  automated  teaching  and  training  method*  which  is 
inherent  in  the  nan -machine  interface  design,  given  suitable  software. 

(8)  An  indicator  of  requirements,  to  remind  the  man  of  what  hie  currant  tasks  are  and  of  the 
f emotions  that  need  to  be  performed. 

(9)  An  indicator  of  delays,  to  toll  the  man  that  he  may  have  to  wait  until  certain  machine  fiuo- 
tlona  have  been  completed,  or  that  motions  by  him  are  overdue. 

(10)  An  Indicator  of  errors,  to  tell  the  man  that  what  be  is  doing  ie  outside  the  parameters  whioh 
the  system  can  aooept  or  respond  to. 

(11)  An  indicator  of  omissions,  to  tall  the  man  that  some  motion  or  part  of  an  action  has  not  been 
done  by  him  and  that  the  machine  needs  it. 

(12)  An  indicator  of  system  status,  to  tell  the  man  whether  the  system  ia  in  use,  and  the 
filiations  ia  it  whioh  he  can  bring  into  use  if  he  wishes  to. 

(13)  An  indicator  of  task  progress,  to  remind  him  of  the  stage  he  has  readied  in  doing  a  task  and 
of  the  next  required  stage  in  its  performance. 

(14)  An  indicator  of  serviceability,  to  show  function*  which  are  inoperable  end  other  fusotions 
which  remain  unaffected  or  are  partly  affected. 

(15)  A  aunmaxy,  far  the  user  of  the  display  and  for  others,  in  whioh  cha  information 

needed  for  the  tasks  ia  shown  in  less  detail  or  ia  more  collate 


Although  in  human  factors  terms  and  in  system  terms  the  man -machine 
ontity,  in  faot  changes  are  generally  made  not  in  the  whole  interface  a* 
components  of  it.  Moat  development  and  testing  work  tends  to  treat  thssL 
whereas  the  benefits  demonstrated  in  isolation  may  fail  to  materialise,  0 
in  the  full  man-oaohine  intsrfaoe.  host  specific  aspects  of  it  cannot  va 
context. 
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The  omphaaie  on  digitisation  has  had  its  effeste  on  the  design  if  the  man  ne  interface  t  it 

tends  to  be  far  more  successful  in  conveying  quantitative  than  quali';ative  infer,  on,  both  from  man 

to  machine  and  from  machine  to  nan.  This  inadequacy  takas  many  forms.  Digital  information  on  a  display 
may  in  faot  be  vary  accurate,  but  there  is  no  means  of  telling  from  its  appearance  how  aoourate  it  is 
or  how  far  it  should  be  trusted.  Controls  whioh  fuiotion  in  discrete  steps  may  be  designed  to  scorn 
ooutinuous,  and  may  not  convey  to  the  users  the  siee  of  the  incremental  steps  being  used.  Quantitative 
alphanumeric  information  may  be  preferred  to  qualitative  pictorial  or  graphic  information.  Just  as  the 
man  cannot  tell  from  the  display  how  far  ho  should  trust  the  information  on  it,  so  he  has  no  means  of 
indicating  to  the  computer  what  faith  he  hao  in  the  solutions  he  is  proponing.  A  recurrent  problem 
with  predictions  ie  that  the  further  ahead  the  prediction  the  lees  confidence  there  can  be  in  its 
validity  1  so  far,  attempts  to  portray  this  have  been  primitive,  as  have  efforts  to  indicate  the  point  at 
which  predictions  are  no  longer  warranted  by  the  quality  of  the  data  on  which  they  are  baaed. 

Maw  display  technology  end  new  oontrol  devices  are  seldom  designed  speoifisally  from  the  outset  for 
air  traffic  oontrol  purposes.  Hors  conaaoaly  a  teohno logically  exoitiug  oonoept  whioh  has  been  developed 
far  enough  to  be  proposed  for  practical  applications  is  considered  for  air  traffio  control  as  one  of 
several  oontexts  in  whioh  it  might  be  applicable.  In  seeking  air  traffio  oontrol  applications,  its 
advocates  oxtol  its  known  advantages  but  are  less  aware  of  any  disadvantages  it  may  have, and  may  tend 
to  underplay  those  they  know  in  the  interests  of  getting  the  innovation  accepted  for  further  development 
and  ultimate  application.  Many  mon-machine  interface  problems  originate  in  technological  devices  in 
searoh  of  an  application.  Ideally  the  air  traffio  control  need  would  be  defined  first  in  terms  of 
operational  requirements,  and  the  desirable  technology  at  the  roan-machine  interface  would  bo  developed 
to  meet  that  need.  In  a  few  instanoes,  such  as  the  touch  display^,  a  device  has  been  developed  for  air 
traffio  oontrol  from  the  outset,  but  this  is  rare.  A  whole  range  of  display  principles,  light  auditing 
diodes,  rear-port  displays,  plasma  panels,  deformagraphio  displays,  various  principles  for  colour  coding, 
etc,  have  been  tried  in  air  traffio  oontrol  and  in  other  oontexts  as  alternatives  to  conventional 
cathode  ray  tubes.  It  would  be  a  considerable  coincidence  if  a  new  operational  need  happens  to  coincide 
wi  th  a  new  technological  development  which  met  it  exaotly.  More  probable  ie  that  there  is  no  need  for 
the  development,  or  at  least  that  the  need  and  the  development  are  out  of  phase.  A  perennial  problem  at 
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the  maa-eamhiaa  interface  ia  to  try  and  adapt  and  optimise  for  air  traffic  control  and  for  human  use, 
technological  innovations  developed  for  general  application* 

4e  HUUfl  KELI ABILITY 

Air  traffic  oontrol  shares  with  other  coupler  installations,  auoh  as  nuclear  power  stations  and 
chemical  processing  plants,  the  need  fr  very  high  reliability  of  the  whole  system,  and  of  every  compo¬ 
nent  in  it,  including  man.  figures  such  as  10"'  and  10~”  are  quoted  as  reliabilities  to  be  attained  or 
aimed  for.  Yet  reliabilities  of  10"’  or  1C**  are  more  probable  for  most  human  tasks.  Xany  of  the 
earliest  attempts  to  treat  man  as  a  system  component  and  to  improve  hie  efficiency  centred  on  his 
ursatisfaotory  reliability  as  a  system  component.  Relatively  little  effort  has  been  devoted  to  assess¬ 
ing  hunsn  reliability,  compared  to  the  effort  expended  on  the  reliability  of  mechanical  and  electronic 
components. 

The  reliability  of  man  as  a  system  component  is  largely  determined  by  the  system  design.  If  that 
is  inappropriate,  no  eoomt  of  exhortation  can  make  him  reliable,  for  oertain  tasks,  suoh  as  those 
requiring  tho  continuous  maintenance  of  attention  ovr  long  periods  without  much  overt  aotlon,  or  the 
detooticn  of  rare  and  inobtruoive  changes  or  events  —-a  is  notoriously  unre liable,  for  other  tasks, 
suoh  as  keying,  there  are  large  individual  differences,  end  the  prospeots  of  major  improvements  in 
reliability  through  good  keyboard  design  and  praatl.ce.  Sources  of  unreliability  in  the  use  of  keys  end 
other  oontrols  are  not  random,  but  can  be  predicted,  end  hence  minimised,  by  a  knowledgeable  appraisal 
or  assessment  of  the  design,  spaoing,  layout,  labelling,  positioning  and  physical  attributes  of  the  lcoys 
in  relation  to  the  tasks  for  which  they  ere  intended.  Some  of  the  attributes  of  the  man  which  ore 
generally  oons trued  os  advantages  in  syutem  design,  such  an  his  capacity  to  innovate  and  to  be  flexible, 
say  bo  construed  as  sources  of  unreliability  if  they  lead  to  behaviour  whioh  is  unpredictable  in  terms 
of  the  system  as  a  whole. 

A  neglected  aspect  of  human  reliability  oonoems  the  man  os  a  monitor  of ’his  own  miutakea.  In  using 
oontrol  devioou  he  makes  mistakes,  and  ho  notioes  and  corrects  some  of  them  but  others  remain  undetected. 
However  if  the  machine  ie  programmed  to  make  a  mistake  of  the  same  kind  as  the  man  makes,  ha  usmlly 
notices  this  mistake  at  onoo,  confidently  attributes  it  to  the  maahine,  end  cannot  be  oonvinoed  that  the 
error  could  be  Ms  own.  'Hie  reasons  why  the  nan  responds  in  this  way  tire  not  understood,  but  the 
implication  is  that  somewhat  different  mechanisms  must  be  involved  in  detecting  or  failing  to  detect 
errors  by  a  machine  or  fay  others  and  in  detecting  or  failing  to  detect  tho  earns  errors  made  fay  hiusolf. 
Tide  aapeot  of  performance  might  repay  study  an  a  means  of  enhancing  the  reliability  of  the  man  aa  a 
system  component • 

Various  techniques  can  bo  employed  to  asseae  the  man's  reliability.  The  moot  obvious  ie  to  measure 
his  performance  carefully  in  terms  of  his  errors,  omissions,  inconsistencies,  delays,  and  any  other 
sources  of  unreliability  to  whioh  he  contributes.  This  entails  not  just  courting  his  errors,  but  classi¬ 
fying  them  end  examining  their  detailed  nature.  The  criterion  of  reliability  may  depend  on  a 
theoretical  optimum  corresponding  to  porfeot  or  ideal  performance,  or  on  a  practical  achievable  optimum, 
perhaps  the  beet  performance  that  has  ever  in  faot  been  recorded,  flisro  may  be  a  considerable  gap 
between  these  oriteria,  and  in  assessing  reliability  it  ia  eaaantial  to  spooity  the  criterion  employed. 

Han's  reliability  a a  a  component  can  bo  diffiault  to  measure  because,  except  for  simple  tasks  which 
can  be  scored  aa  sue  census  or  failures,  hie  performance  may  be  partly  eucoaeaful,  or  adequate  but  not 
optimum,  therefore  simple  measures  suoh  as  failure  rates  are  often  inadequate  to  express  human  relia¬ 
bility  in  system  torms.  Performance  me  as  urea  may  permit  deductions  on  tha  effects  of  attontion  on 
reliability,  but  reliability  in  thie  contort  depends  on  what  is  being  assessed,  and  misleading  measures 
may  be  obtained  if,  for  example,  the  man  is  performing  a  demanding  task  reliably  at  tha  coat  of  being 
uoreoeptive  to  other  tusks  or  to  other  sources  of  information.  A  dull  and  undemanding  task  may  be 
performed  very  reliably  or  unreliably,  depending  on  Its  nature,  and  it  is  not  poaoible  to  generalise. 

It  does  not  follow  that  attending  to  a  task  inoreaaea  its  reliability:  for  many  over  loomed  skills  in 
particular  the  contrary  ia  often  tha  case.  Many  human  factors  problems  are  associated  with  conditions 
of  high  rather  than  low  reliability  of  task  performance  tay  the  man.  This  ie  true  of  boring  tasks.  A 
task  may  be  boring  if  it  no  longer  represents  any  kind  of  ohallenge  to  the  man  who  is  doing  it,  because 
he  has  learned  to  do  it  effortlessly,  consistently  and  highly  reliably  without  paying  much  attention 
to  it.  His  performance  of  a  boring  task  may  thus  be  highly  reliable:  more  to  the  point,  well  inteatlcned 
efforts  to  alleviate  boredom  may  inadvertently  impair  reliability. 

Physiological  and  biochemical  evidence  can  indicate  tha  effort  whioh  tha  man  makes,  whioh  may  in 
turn  uffeot  tha  reliability  of  his  performance.  Commonly,  maximum  reliability  la  equated  with  reasonable 
effort,  and  extremely  low  or  high  effort  would  be  associated  with  poorer  reliability  of  perfornuanoo  by 
the  man.  However,  this  traditional  relationship  between  reliability  and  arouual  maohanisms  hoe  to  be 
treated  with  oautioa,  since  the  svidance  supporting  it  in  air  traffic  oontrol  aontexts  is  at  best 
tenuous.  If  reports  of  aooidante  or  inoidents  associated  with  air  trafl'io  oontrol  are  conceded  to  be 
one  index  relevant  to  human  reliability,  the  probability  of  their  ooourronoe  does  not  seem  to  have  much 
relationship  to  tha  oontroller'e  level  of  arousal. 

The  man  oan  make  subjective  assessments  of  aspects  of  re  liability .  Thsse  may  take  the  form  of 
confidence  assessments  in  what  ha  is  doing,  or  may  explain  puzzling  lapses  in  perfornancs  by  reporting 
inattention,  distraction  or  other  subjeotivs  states.  It  is  important  to  reraomber  that  nubjeotive  ass¬ 
essments  of  reliability  and  assessments  of  confidence  are  oubjeotive:  that  is  they  represent  beliefs, 
opinions  and  impressions,  whioh  do  not  necessarily  agree  with  objective  measures  of  performance,  and  may 
flatly  oontradiot  them.  A  controller,  given  a  new  aid,  may  confidently  believe  that  Mb  performance:  is 
improved  by  it,  whereas  objective  measures  show  that  it  is  not,  or  vioe  versa,  nevertheless,  subjective 
measures  may  have  thair  greatest  praotioal  importance  in  relation  to  reliability  when  they  fail  to 
support  performance  measures  but  reveal  a  discrepancy  between  what  tho  man  thinks  he  is  doing  and  what  he 
is  actually  doing63. 
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Mor<)  formal  methods  osn  he  used  to  assess  man's  reliability  in  the  system.  Cne  is  to  employ  flow 
diagrams^  who  oh  show  the  various  options  and  oritioal  decision  points,  and  allow  sources  of  error  and 
wireliability  to  bo  identified  and  classified  in  a  notation  which  io  generally  intelligible.  The 
reliability  at  eaoh  decieion  point  ran  be  independently  assessed  and  a  general  index  of  reliability  of 
the  man  in  the  whole  system  can  be  derived  from  these  assessments,  though  not  by  a  simple  combination 
of  them,  sines  hunan  reliabilities  at  sequential  dooiBion  points  are  partly  interdependent,  because  of 
oomacn  factors  in  eaoh  individual  such  as  knowledge,  experience,  intelligence,  habitual  working  pace, 
and  preferred  style.  The  man  who  does  one  part  of  a  task  well  tends  to  do  other  parts  well.  Certain 
oritioal  inoident  techniques  osn  isolate  the  events  whioh  should  have  moat  influence  on  the  combined 
reliabilities  assigned  to  eaoh  particular  inoident,  and  these  combined  roliabi litioa  oollootivoly  may 
represent  quite  adequately  tho  reliability  of  the  system  oa  a  whole,  provided  that  the  reliability 
coefficients  for  oach  inoident  are  not  combined  randomly,  but  take  account  of  individual  consistency. 

This  has  the  paradoxical  effect  of  increasing  the  range  of  system  reliability  insofar  os  it  tokos 
account  of  the  differences  between  the  beat  and  the  worst  operators. 

Heliability  of  the  man  as  a  system  oomponent  is  most  easily  measured  with  simple  tasks,  but  the 
relevant  techniques  can  be  applLod  to  much  more  complex  ones  including  decision  making  und  problem 
solving.  The  reliability  of  suoh  finotious  can  be  improved  by  imposing  a  logical  framework  of  tho  stages 
involved  as  a  means  of  isolated  tho  main  eources  of  unreliability^^. 

An  alternative  approaah  is  to  examine  tha  innate  limitations  in  various  human  capabilities  and  their 
concequohcos  for  reliability.  Sources  of  mlu-peroeption  con  be  treated  in  this  way,  uu  oan  lapses  of 
attention,  conditions  whioh  foster  wrong  oxpectanoies,  excessive  loadrng,  and  effects  of  stress  and 
emotional  faotors.  Although  the  axaot  consequences  for  reliability  may  be  difficult  to  deduce  in 
speoifio  instances,  the  general  effect  of  these  faotors  on  reducing  the  reliability  of  man  ac  a  system 
component  can  normally  be  deduced. 

Tho  introduction  of  automated  aide  can  influence  tho  man's  tasks  and  his  reliability  in  unexpeoted 
waysi  yet  often  theso  could  have  been  anticipated.  They  usually  have  one  of  two  origins:  automation 
has  replaced  the  man  wholly  or  in  part  in  quantitative  but  not  in  qualitative  rolos,  or  a  human  function 
has  not  been  automated  in  its  entirety.  Vunoun  examples  have  oocurrad.  Certain  kinds  of  information 
may  be  lost  altogether  when  automated  aids  replaou  manual  functions;  in  epeooh,  tones,  pace,  inflections 
and  hesitations  may  not  simply  oonvey  extra  information  about  confidence  but  also  affect  the  man's 
ability  to  remember  what  was  said,  and  this  information  is  loot  if  tho  massage  io  no  longer  spokon.  If 
the  man  forgets  on  automated  solution  whioh  he  has  accepted,  because  he  lias  not  had  to  work  it  out  for 
himself,  this  is  a  source  of  vnre liabi li ty .  If  ho  does  not  understand  tho  coinputod  colution,  or  desmu 
it  to  be  unsafe,  he  may  substitute  hiu  own  solution  whioh,  in  fact,  is  lees  reliable.  A  l'urthor  source 
of  m  re  liability  is  the  psrriutenon  of  old  liabi  to  and  ways  of  information  handling  in  novel  systems 
whore  they  are  no  longer  relevant.  There  is  an  anomaly  in  relation  to  man  and  his  reliability.  Soms- 
times  ho  can  be  impressively  reliable  with  poor  equipment  if  ho  accepts  tha  equipment,  likes  the  job, 
finds  it  challenging  and  believes  that  someone  takes  an  interest  in  his  work  und  in  his  conditions  of 
employment:  on  the  other  hand,  superb  equipment  whioh  is  unacceptable  to  tho  user  can  be  made  to 
appear  deficient  and  unreliable.  A  man  undor  stress  may  be  less  reliable,  perhaps  booausa  ho  ounnot  help 
becoming  aaralaua  and  treats  tha  equipment  loss  deli  cate ly°^ .  The  point  is  that  attitudes  affect 
tho  reliability  of  man  as  a  uystem  component. 

A  further  influence  on  reliability,  likely  to  become  moro  important  in  the  future,  oonooms  tho 
changes  in  maintenance  procedures  in  air  trafflo  oontrol  systems .  In  tho  past  when  a  failure  has 
occur  rod  a  men  with  a  detailed  knowledge  and  understanding  of  the  equipment  in  use,  but  not  necessarily 
a  broad  teohr.j  cal  knowledge,  has  often  by  on  exeroiue  of  his  capacity  to  bu  flexible  und  innovativo, 
uucoeeded  in  repairing  the  equipment  and  keeping  it  eervloeablo.  In  theory,  modern  maintenance  proce¬ 
dures,  baaed  on  the  replacement  of  modules  rathor  than  on  an  urideretaading  of  tho  system,  simplify 
fault  diagnosis,  and  principles  of  modula  replacement  rather  than  repair  should  enhance  the  reliability 
of  the  system  as  a  whole.  Unfortunately  as  far  as  maintenance  personnel  are  oonoemod,  this  substitutes 
on  unskilled  routine  job  requiring  little  insight  er  rudarutonding  for  a  job  whioh  enabled  the  man  to 
develop  skills  and  take  pride  in  Ids  work.  Although  the  potential  for  greater  reliability  1b  present, 
it  may  not  be  achieved  if  the  joh  bos  lost  its  interest.  Suoh  specifically  human  aopooto  of  reliability 
have  to  be  taken  into  consideration  os  long  as  the  men  functions  as  a  system  component,  whethor  an  a 
controller  or  os  a  maintainor  of  tho  air  traffic  oontrol  system. 

While  it  doss  not  follow  that  a  happy  man  is  a  reliable  one,  a  man  with  negative  attitudes  towards 
hiu  job  is  likely  to  be  less  reliable  as  a  system  cowponsnt.  I'feotors  suoh  as  going  on  strike,  having 
high  rates  of  absenteeism,  working  to  rule,  and  introducing  various  restrictive  practices,  should  be 
oouaidered  a a  forms  of  unreliability  in  the  air  traffio  control  system,  and  treated  as  such  in  the 
context  of  assessments  of  tho  reliability  of  the  whole  system. 


CHAPTER  5 

HUMAN  CAPABILITIES  AND  LIMITATIONS  IN  SYSTEMS 
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5a  SENSORY  FACTORS 

Many  of  man's  senses  are  of  little  praotical  use  in  air  traffic  control.  Tasto,  smell,  touch, 
kinoesthesis,  heat,  cold,  pain  and.  balanoe  have  little  relevance,  and  are  more  likely  to  ha  sources  o! 
distraction  than  of  useful  information.  Much  of  the  information  needed  for  air  traffio  control  purposes 
cannot  bo  sensed  direotly  by  man  at  all.  With  the  exception  of  spoken  messages  from  pilots,  information 
about  the  airoraft  voder  control  is  s  noed  automatically,  for  example  by  radar,  and  has  to  be  converted 
into  tho  main  channels  of  human  sensing,  vision  and  hearing,  and  presented  at  e.  paoe,  in  a  form,  and  at  a 
level  of  detail  matohed  to  human  limitations.  As  further  aids  and  aeneors  are  introduced,  os  new  sources 
of  information  are  addod,  and  as  the  quantity  of  information  in  the  system  increases,  the  problems  of 
distilling  tho  essence  of  the  information,  converting  it  to  visual  or  auditory  form,  and  presenting  all 
that  is  essential  for  air  traffio  control  taaks  become  more  difficult  to  resolve. 

Limitations  in  human  sensory  oapabilities  restriot  the  modalities  within  whioh  information  con  be 
pruoentod  to  the  man.  A  further  consequence  of  limited  sensory  oapaoities  is  that  man  is  bothered  by 
what  he  believes  to  be  present  but  oonnot  sense  directly,  and  needs  reassuranoe  that  it  cannot  harm  him. 
Such  considerations  apply  to  emissions  from  various  displays  used  in  air  traffio  control  and  elsewhere. 

Air  traffio  control  equipment  must  meet  legally  defined,  medically  derived  standards  of  safety  and 
occupational  health  and  this  applioo  to  radiations  from  oathodn  ray  tube  displays.  The  main  practical 
problem  is  that  in  air  traffio  oontrol  the  radiation  emission  levels  are  so  far  below  the  levels 
acknowledged  as  safe  that  it  can  be  difficult  to  find  equipment  sufficiently  sensitive  to  deteot  that 
emissions  are  present  at  all”?.  Because  the  controller  relies  on  hearsay,  and  issues  such  as  radiation 
emissions  are  very  emotive,  misgivings  arising  from  hunutn  sensory  limitations  can  become  highly  irra¬ 
tional,  and  may  not  be  placated  by  the  publication  of  the  levels  obtained  by  objsotive  soientifio 
measurement.  An  unfortunate  coneequenoe  is  that  controllers  may  be  troubled  by  and  emphasise  the  wrong 
issues.  Radiation  emissions,  on  whioh  a  great  deal  of  evidence  has  been  painstakingly  gathered,  are 
oloarly  not  a  serious  problem:  subliminal  luminuous  oscillations,  about  whioh  far  lesB  is  known  end 
whioh  cannot  bo  sensed  to  the  man  if  they  are  present,  may  perhaps  be  implicated  in  subjective  impres¬ 
sions  of  visual  fatigue"®,  y9t  there  is  not  enough  hearsay  about  them  for  the  controller  to  become 
ounce rued. 

Although  many  human  sensory  capabilities  are  never  fully  used,  they  net  tolerance  limits  whioh  have 
to  be  mot  in  air  traffic  control  environments,  particularly  for  senses  suoh  as  heat.  The  limits  of  what 
constitutes  comfort  are  a  matter  of  the  sensitivity  of  the  relevant  sensors.  The  aim  is  to  achieve  a 
working  environment  in  whioh  comfort  is  equated  with  isiobtrusivonosa,  where  nothing  untoward  is  sensed 
whioh  oouid  constitute  a  diotraotion  from  air  traffio  oontrol  tasks.  If  air  traffio  is  bo  light  that 
the  controller's  main  uensory  ohannolu  of  vision  and  hearing  are  not  occupied  much  by  his  tasks,  ho  may 
direct  these  sensory  oapaoities  towards  whatever  features  of  the  work  environment  obtrude  and  hs  may  then 
become  more  aware  of  information  conveyed  through  his  other  senses.  This  awareness  may  alter  hia  levels 
of  toluronoe.  Put  simply,  if  he  is  plaoad  in  a  context  of  enforced  idleness  ho  may  become  aware  of 
aupeoto  of  heating,  ventilation,  seating,  lighting  and  workspace  design  which  represent  very  minor 
departures  from  the  optimum  or  whioh  are  optimum  conditions  of  oomfort  when  he  iu  busy. 

All  information  prosanted  to  tho  man  must  moot  his  sensory  limitations  or  he  cannot  receive  it. 
Auditory  information  has  fewer  coding  dimensions  than  visual.  The  main  auditory  information  reaohoo  the 
controller  in  the  form  of  speech.  Characteristics  of  communication  ohannols  such  as  the  telephone  and 
H/T  must  bo  oheoked  to  enuuro  that  information  intended  for  the  man  is  aotually  present  in  a  form  whioh 
can  ha  heard,  and  that  tho  procoaoee  of  transmission  have  not  themnelvuB  degraded  or  distorted  speech 
so  drastically  that  the  information  it  convoys  can  no  longor  be  extraoted  from  it  as  quickly  and 
aoouratoly  as  possible.  In  aasaesing  tho  effectiveness  of  an  auditory  information  channel  to  enuuro  that 
the  man  cun  sense  its  contents,  it  is  essential  to  employ  defined  standards  in  tvc.na  of  discriminable 
differences  in  frequencies  and  amplitudes.  Thua  in  determining  man's  sensory  ]'  nits  and  speoiiying 
information  to  fit  those  limits,  it  is  important  to  ensure  that  no  individual  man  will  fail  to  moot  tho 
limits  for  whioh  the  system  has  been  designed.  A  sensory  impairment  in  an  individual  controller  in  tho 
form  of  deafness  therefore  debars  him  from  employment  as  a  controller  if  its  severity  moans  that  his 
hearing  oonnot  meet  the  minimum  standards  spool  fled. 

Man's  sensory  limitations  may  be  viewed  as  relative  or  absolute.  For  example,  information  on  an 
alphanumeric  display  may  be  depicted  at  different  levels  of  brightness.  If  all  possible  levels  of  bright¬ 
ness  aro  present  at  tho  same  time  on  the  display,  then  the  differences  between  the  levels  need  not  be 
vory  large  to  be  reliably  diooriminable  without  error.  Thoso  require  relative  judgements.  If  only  one 
of  the  levels  of  brightness  is  actually  present  on  the  display,  and  the  man  has  to  know  and  discriminate 
oorreotly  whioh  level  of  brightness  it  is  without  being  ablo  to  refer  to  tho  other  levels  of  brightness, 
this  involves  an  absolute  discrimination,  and  much  larger  differences  in  brightness  are  required  betwoen 
levels  before  an  absolute  judgement  oan  be  aohievod  consistently  without  error.  For  any  given  visual 
dimension,  very  few  conditions,  perhaps  throe  at  most,  C3n  normally  be  used  if  absolute  judgements  are 
required. 

Common  psyohophysical  visual  coding  dimensions  basically  refer  to  size,  shape,  oolour,  oontraat, 
brightness,  end  flashing,  but  tho  variations  and  combinations  of  these  ore  very  numerous.  Even  a  simple 
line  oan  vary  in  length,  width,  oontraat,  brightnoes,  colour,  stability)  continuity,  and  many  othor  forms 
of  diaorindnable  embellishment.  Alphanumorios,  with  all  their  complexity,  are  a  sub-division  of  the 
shape  dimension. 

Visual  stimuli  oan  become  highly  complex,  but  ovary  aspeot  of  each  stimulus,  if  it  in  to  be  used, 
must  be  dinoemible,  Studies  to  establish  whether  it  is  oan  bo  treated  as  sensoty;  for  example,  the 
question  of  whether  alphanumeric  or  graphical  information  is  undorstood  docs  not  arise  unless  it  is 
known  that  the  information  itself  is  far  enough  above  the  viBual  thresholds  wider  prevailing  conditions 
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to  be  sensed,  oorreotly. 

With  vision  as  with  hearing  the  air  traffio  control  system  is  designed  on  the  assumption  that  those 
who  will  use  it  do  not  have  serious  impairments  of  their  sensory  oapaoities.  For  this  reason  serious 
visual  deficiencies  debar  a  man  from  air  traffic  control.  •' 

Technological  changes  suoh  as  the  introduction  of  colour  coding  have  to  be  examined  lest  they  set 
more  stringent  requirements  for  human  sensory  capabilities  of  colour  vision  than  have  hitherto  bean 
needed.  In  particular,  the  combination  of  colour  and  brightness  codings  has  to  be  designed  with  great 
care  since  these  two  dimensions  are  usually  confoisided  and  those  with  a  minor  oolour  vision  deficiency 
may  once  have  been  able  to  rely  on  brightness  discriminations  whioh  may  no  longer  be  present.  Selection 
procedures  must  discard  any  individual  with  substandard  sensory  capabilities,  no  matter  what  Mb  other 
attributes  are. 

Linked  to  man's  sensory  limitations  are  the  respective  uses  of  auditory  and  visual  information. 

General  guidelines  including  the  following; 

Auditory  stimuli  are  essentially  temporal;  the  presentation  of  auditory  information  takes 
time.  Visual  stimuli  are  characteristically  spatial;  the  presentation  of  visual  information, 
needs  space. 

Auditory  stimuli  must  generally  arrive  sequentially,  whereas  visual  stimuli  may  be  presented 
sequentially  or  simultaneously. 

Because  auditory  stimuli  are  sequential  they  cannot  be  kept  continuously  before  the  observer, 
though  they  can  be  repeated  periodically.  Visual  stimuli  offer  good  referability,  because  the 
information  oan  usually  be  stored  on  the  display  and  presented  continuously. 

Auditory  stimuli  offer  fewer  dimensions  for  coding  most  information  than  visual  stimuli  do; 
riohness  of  aoding  is  a  major  advantage  of  vision. 

Spooch,  a  form  of  auditory  coding,  offers  groat  flexibility,  end  variation  without  pre-planning. 
Visual  stimuli  have  to  be  aodad  in  advance. 

The  selectivity  of  speoch  messages  offers  a  time  advantage  in  that  pertinent  information  is 
already  isolected  for  the  receiver.  With  vieual  stimuli,  searching  for  information  may  bo 
necessary  and  the  receiver  does  much  of  the  selecting. 

The  rate  of  transmission  of  speech' is  limited  to  the  Bpeaking  rate,  whereaD  visual  presentation 
of  information  can  ba  faster. 

Auditory  information  is  more  attention  demanding,  mors  potentially  disruptive,  and  its 
reception  depends  lass  on  what  the  man  is  already  doing.  Visual  stimuli  however,  do  not 
necessarily  demand  attention;  the  oporator  has  to  be  looking  in  the  right  direction  to  perceive 
tire  stimulus, 

Hearing  is  somewhat  more  resistant  to  subjective  impressions  of  fatigue  than  is  vision. 

llsaotion  times  to  simple  Stimuli  tend  to  be  slightly  faster  to  auditory  than  to  visual  ones. 

It  is  important,  before  elaborate  reasons  are  sought  for  a  failure  to  utilise  information, 
to  establish  that  the  information  is  in  fact  present  in  a  form  whioh  can  be  sensed.  Sometimes  it  is 
assumed  if  task  performance  has  failed  to  meet  operational  requirements,  that  the  explanation  lies  with 
human  deficiencies  and  limitations  in  processing  information.  The  fault  may  lie  in  an  insufficient  pro¬ 
vision  of  adequate  sensory  data.  As  systems  become  more  automated  there  is  often  a  notable  diminution 
of  flats,  whioh  could  be  used  for  qualitative  judgements. 

I 

5b.  PEKGKraOM 

Whereas  sensory  processes  deal  with  the  detection,  discrimination  and  assimilation  of  sensed  physical 
stimuli,  perception  as  a  concept  includes  the  processes  for  selecting  or  discarding  stimuli,  structuring 
stimuli,  attributing  meaning  to  stimuli,  and  interpreting  stimuli  in  relation  to  suoh  factors  as  exper¬ 
ience,  expectancies  and  needs.  Normally  there  is  no  direot  awareness  of  the  processes  which  constitute 
pox-ception,  but  only  of  the  product  of  those  processes.  Tile  conoept  of  perception,  relatod  primarily  to 
vieicn  and  hearing,  can  be  applied  to  any  of  the  senses. 

Peroeption  is  an  immediate  and  continuing  process,  wMoh  to  the  porceiver  does  not  seem  analytio. 

He  is  therefore  not  normally  aware  of  misperoeptione,  of  stimuli  wMoh  have  been  sensed  but  not  perceived, 
or  of  peroeptial  omissions.  Nan  as  a  monitor  of  Ms  own  performance  cannot  be  independent  of  Ms  own 
perceptual  processes  and  cannot  recognise  as  such  errors  and  omissions  wMoh  the  perceptual  processes 
themselves  have  produced. 

Many  studies  and  theories  describe  principles  wMch  govern  the  imposition  of  visual  pattern  and 
meaning  upon  stimuli.  Though  many  facts  are  known  wMoh  can  form  the  basis  of  applications  to  air  traffio 
control,  much  of  the  raider  lying  theory  is  still  controversial  or  inadequate.  It  is  a  matter  of  praotical 
importance  to  be  able  to  separate  attributes  of  visual  structuring  that  have  developed  as  the  result  of 
inheritance  or  maturation,  and  the ro lore  cannot  readily  bo  changed  much,  from  attributes  that  are  mainly  a 
function  of  learning,  and  therefore  offer  the  prospoots  of  modification  by  training.  Illusions,  studied 
primarily  for  tha  insights  they  can  give  into  oompsting  theorice  of  peroeption,  reveal  principles  of 
perceptual  structuring  by  moans  of  specific  instances  whore  the  structuring  for  mest  people  is  faulty,  and 
thus  illusions  may  enable  the  imposition  of  moaning  and  structure  to  be  disentangled  from  sensory  pro¬ 
cesses  in  certain  circumstances.  It  is  possible  to  loam  to  impose  a  particular  meaning  on  a  set  of 
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stimuli  which  subjectively  is  an  instantaneous  process,  and  once  this  has  happened  it  may  then  become 
impossible  to  perceive  that  set  of  stimuli  in  any  other  way,  even  if  the  imposed  meaning  is  wrong. 

Visually  unstructured  data  may  be  difficult  to  understand  or  treat  as  coherent  entities..  It  does  not 
necessarily  follow  that  because  data  can  be  sensed  they  can  be  perceived,  or  that  because  data  can  be 
perceived  they  can  be  comprehended. 

The  choice  of  codings  for  air  traffic  control  information  displays  depends  on  the  tasks,  on  coding 
dimensions  that  are  technically  possible,  and  on  the  knowledge  of  their  teohnical  and  psychological  ad¬ 
vantages  and  disadvantages.  The  physical  environment  is  also  important:  background  noise  levels  may 
affeot  auditory  codings,  just  as  ambient  room  lighting  affeots  visual  oneB.  In  applying  the  knowledge 
and  principles  of  visual  perception  to  information  displays,  the  intentions  are  to  minimise  the  sources 
of  human  error,  to  make  displayed  .  ami  information  legible  and  readable  and  remove  phonetic  confusions 
from  auditory  information,  to  reduce  any  ambiguities ,  to  avoid  undue  delays  attributable  to  human  limi¬ 
tations,  to  utilise  human  capabilities  fully,  and  to  keep  within  known  human  limitations. 

Knowledge  about  sensory  limits,  related  for  example  to  the  di  a  ori  mi  nations  of  brightness  and  con¬ 
trast,  to  minimus  intensity  levels,  to  the  smallest  detectable  change  in  each  visual  dimension,  to  the 
uses  and  sensitivity  of  colour  coding,  and  to  the  limits  of  visual  acuity  and  accommodation,  must  be 
applied  in  the  design  of  information  displays,  sinoe  the  first  step  is  to  ensure  that  the  information 
can  all  be  sensed.  Such  factors  cannot  be  treated  as  constants  or  absolutes,  but  must  be  set  in  their 
operational  and  physical  environment.  Visual  aouity,  for  example,  varies  with  the  illumination  of  what 
is  seen,  its  retinal  location,  contrast,  the  state  of  adaptation  of  the  eyo,  etc.  Precautions  to  over¬ 
come  sensory  limitations  influence  perceptual  ones. 

Because  of  perceptual  structuring,  the  visual  whole  may  not  appear  to  be  the  sum  of  its  parts.  This 
simple  faot  is  often  neglected  in  the  choice  of  visual  coding  dimensions  and  symbols.  It  is  common  to 
use  ono  visual  coding  dimension  to  show  one  attribute  and  another  dimension  to  show  another,  and  then  to 
combine  both  coding  dimensions  with  the  intention  of  showing  both  attributes  in  combination.  This 
principle  can  be  elaborated  to  generate  complex  perceptual  forms  incorporating  several  visual  coding 
dimensions.  These  forms  are  intended  to  be  an  amalgam  of  numerous  individual  symbols  to  convey  col¬ 
lectively  in  a  Biugle  symbol  all  the  information  which  each  individual  symbol  contains6'.  For  example,  a 
single  symbol  intended  to  depiot  an  aircraft  as  westbound,  climbing,  and  in  the  process  of  being  handed 
over  to  another  controller  may  be  an  amalgam  of  three  simpler,  separate,  symbols  for  each  of  these 
dimensions,  but  it  may  not  look  like  an  amalgam  of  them.  Often  this  principle  of  amalgamating  codings 
simply  does  not  work.  The  principles  of  perceptual  grouping  and  structuring  onsure  that  the  amalgamated 
symbol  is  seen  as  an  entity  and  not  necessarily  as  the  sum  of  its  parte:  indeed  sevoral  of  the  indivi¬ 
dual  parts  rosy  no  longer  be  recognisable  as  such.  To  take  an  oversimplified  psyohopbyaical  instance,  a 
short  dash  (-)  superimposed  centrally  on  an  inverted  "V’1  is  perceived  as  an  "A",  and  does  not  even  look 
like  two  superimposed  independent  codings.  This  is  one  of  the  simplest  practical  limits  imposed  by  the 
processes  of  perception  and  vieual  structuring.  It  determines  the  usefulness  of  symbology,  both  at  a 
perceptual  level  and  in  the  assignment  of  meaning.  If  unwanted  perceptual  structuring  of  the  component 
elements  of  a  complex  symbol  occurs,  the  meanings  of  the  components  may  be  lost.  The  kinds  of  meaning 
which  can  be.  imposed  by  various  forms  of  structuring  of  perceptual  material  can  have  a  decisive  influence 
on  task  performance.  When  a  deoision  is  taken  to  have  graphical  or  tabular,  pictorial  or  oymbolio 
information,  all  the  consequent  implications  for  perceptual  structuring  are  not  thought  through,  so  that 
expeoted  improvements  often  fail  to  materialiee. 

Much  basic  psychological  evidence  about  perception  and  the  ruleB  governing  it  has  been  gathered  in 
experiments  with  simple  forme,  since  these  were  thought  to  be  best  for  providing  controlled  conditions  to 
explore  aspects  of  visual  structuring.  Even  with  simple  forms,  numerous  factors  oan  have  a  perceptual 
influence,  including  familiarity,  previous  experience  with  forms,  their  size  and  viewing  distance,  their 
slant  and  constancy,  the  visual  context  and  setting  of  them,  the  verbal  labelling  used  for  them,  the  3et 
and  expeotanoies  associated  with  them,  and  whether  they  are  static  or  movlng?0.  There  are  difficulties 
in  describing  forms  in  concepts  which  allow  findings  to  be  generalised.  Mathematical  descriptions  of 
forms  inoluie  concepts  suoh  as  complexity  and  redundancy.  Perhaps  the  most  remarkable  aspect  of  the 
prolific  theoretical  work  on  form  perception  is  its  apparently  complete  divorce  from  practical  studies 
using  alphanumeric  forms  under  laboratory  conditions  to  measure  their  discriminability,  legibility  or 
readability.  These  latter  studies  have  more  potential  relevance  to  air  traffic  control  with  its  increas¬ 
ing  use  of  alphanumeric  information,  but  the  problem  arises  that  many  studies  of  alphanumeric  forms  have 
not  been  in  applied  praotioal  oontoxts  but  in  the  laboratory  with  carefully  controlled  featureless 
backgrounds.  The  findings  therefore  may  not  hold  true  for  real  life  air  traffic  control  contexts H . 

The  generation  of  visual  forms  using  matrices  has  led  to  numerous  studies  to  find  the  most  legible  means 
of  portraying  each  letter  and  numeral?^,  and  perhaps  to  a  preference  for  alphanumeric  information  when 
symboiic,  graphical  or  piotorial  information  might  have  been  equally  suitable.  On  the  whole  the 
principles  of  perceptual  structuring  are  not  used  to  the  best  effect  in  air  traffio  control  information 
because  they  have  little  influence  on  specifications . 

Visual  perception  is  dependent  on  eye  movements,  to  the  extent  that  eye  movement  recording  has  been 
used  as  a  teohnique  in  a..-  traffio  control  and  elsewhere?^  to  study  the  information  being  sampled. 

Evidence  about  fixation  and  dwell  tiroeB  con  be  treated  as  a  further  human  limitation  in  the  perception 
and  assimilation  of  information?1!. 

Two  perceptual  theories  have  exertod  most  influence  on  psychology  recently.  Ckje  concerns  the  oue 
theory  of  space  perception,  which  treats  the  three  dimensional  world  as  a  flat  retinal  picture? 5.  This 
theory  haB  led  to  many  studies  of  forms  and  patterns  using  two  dimensional  forms,  because  the  theory 
implies  that  the  third  dimension  is  not  important,  being  a  matter  of  inference.  This  contrasts  with  the 
pay oho physical  theory  of  Gibson?6,  which  treats  a  succession  of  retinal  images  sb  a  pattern  of  optical 
information  in  which  movement  and  three  dimensional  perception  are  inherent.  Although  the  cue  theory  has 
had  the  dominant  influence  on  display  design,  the  balance  of  support  now  probably  favours  the  psycho¬ 
physical  theory,  although  the  latter  does  not  rest  primarily  on  empirical  evidence  that  peroeivers  actually 
use  or  can  use  the  information  in  the  retinol  image  but  depends  rather  ou  the  more  theoretical  notion  that 
in  principle  the  use  of  suoh  information  is  possible  because  in  faot  it  is  present.  It  may  be  profitable 
to  treat  air  traffio  contra  1  information  more  as  on  optical  array  than  as  cues. 
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5o  LEARNING 

Air  traffic  control  has  to  he  learned.  People  who  can  learn  it  have  to  he  seleoted. •  Their  poten¬ 
tial  for  learning  has  to  be  realised  by  appropriate  training.  Their  learning  has  to  be  applied, 
extended  and  entrenched  thoi@h  the  practice  of  air  traffic  control  and  through  the  progressive  refinement 
and  development  of  skills.  It  is  because  of  what  he  has  learned  that  the  controller  can  perform  tasks 
which  others  without  that  learning  cannot  do.  To  a  very  considerable  extent,  the  amount  of  knowledge 
that  an  individual  air  traffic  controller  possesses  determines  how  good  a  controller  he  is  or  can  become. 

While  man  has  a  vary  large  storage  capacity  for  what  ho  has  learned,  his  rate  of  learning  is  rela¬ 
tively  slow.  The  process  of  learning  to  become  an  air  traffic  controller  takes  years,  and  in  Borne 
respects  the  controller  goes  on  learning  all  his  working  life.  Host  laboratory  studies  of  learning  have 
oonsidered  simple  mntorial  in  order  to  develop  theories,  models  and  explanations  of  learning,  and  of 
allied  processes  such  as  the  acquisition  of  skill.  Simple  studies  can  produce  useful  practical  guide¬ 
lines,  3uoh  as  the  following: 

(1)  The  effioienoy  of  learning  processes  varies  with  the  level  of  complexity  of  the  material. 

(2)  Most  learning  initially  improves  greatly  with  frequent  practice,  but  the  rate  of  improvement 
tails  off. 

(3)  Learning  is  gradually  lost  with  no  practice. 

(4)  Efficient  learning  requires  some  form  of  direot  knowledge  of  results  as  a  condition  of  progress. 

(5)  Even  a  little  entrenchment  and  continued  further  learning  of  material  which  has  apparently  just 
been  successfully  learned  is  handsomely  repaid  by  greatly  prolonged  durability  of  the  learning. 

(6)  Complex  tasks  which  have  been  learned  efficiently  do  not  normally  require  attention  to  their 
minutiae,  and  further  learning  of  them  is  at  th3  level  of  strategies  and  advanced  skills. 

In  the  earliest  stages  of  learning,  it  is  these  fine  details  which  have  to  be  mastered,  grouped,  and 
incorporated  into  larger  entities  as  successive  stages  of  learning  are  reached. 

Learning  can  be  fostered  by  the  traditional  teaching  aids:  instruction,  demonstration,  the  elucidation 
of  principles,  the  working  of  examples,  and  the  exposition  of  isiderlying  logical  guiding  principles  to 
be  followed.  The  application  of  computer  assistance  to  learning  can  help  to  reveal  its  logioal  aspecta, 
and  facilitate  learning  by  showing  its  praotical  relevance  and  interconnections  between  learned  items. 
Automated  teaching  methods  provide  immediate  and  regular  knowledge  of  rosulte,  and  can  adjust  the  pace 
of  learning  continuously  according  to  the  etate  of  knowledge  reached  by  the  learner.  Air  traffic  control 
procedures  lend  themselves  in  principle  to  the  application  of  automated  instruction  methods.  The  best 
combination  is  probably  the  use  of  computers  and  of  traditional  teaching  methods. 

One  problem  in  teaohing  air  traffic  control  is  to  try  and  ensure  that  itB  prinoiples  are  learned, 
rather  than  a  series  of  particular  worked  examples.  The  role  of  demonstrations  has  sometimes  been  under¬ 
played;  these  may  often  show  ways  in  which  the  correot  solutions  to  apparently  similar  problems  differ. 
Demonstrations  can  aid  the  development  of  a  mental  check  list  of  the  faotoro  whioh  havs  to  be  examined  to 
ensure  that  the  proposed  solution  of  an  air  traffic  oontrol  problem  is  efficient  and  Bafa.  There  oan  bo 
a  large  number  of  thaoo  factors,  and  it  i8  necessary  to  learn  them  thoroughly  and  to  organise  them  in  an 
orderly  fashion  so  that  their  importance  and  relevance  oan  be  oorrectly  judged  in  each  circumstance.  An 
example  may  olariiy  this  point.  Let  us  suppose  that  the  controller  detects  a  potential  conflict  between 
two  aircraft  on  his  radar  display.  The  number  of  faotors  relevant  to  the  aotion  ho  should  take  is  very 
large.  Each  one  may,  in  certain  oiroumstancs,  be  the  most  orucial.  They  include: 

(1)  The  physical  distance  between  the  tracks  on  the  radar  display. 

(2)  The  scale  of  the  radar  display,  and  hence  the  actual  separation  between  the  conflicting 
aircraft  in  miles  or  kilometres. 

(3)  Their  relative  and  absolute  speeds. 

(4)  Their  headings,  and  angles  of  approaoh. 

(5)  The  time  to  conflict. 

(6 )  The  aircraft  heights. 

(7)  Aircraft  types  and  manoeuvrability. 

(8)  The  ease  of  contacting  the  airoraft. 

(9)  The  probability  that  instructions  to  the  aircraft  will  be  vnderstood. 

(10)  The  known  intentions  and  destinations  of  the  airoraft. 

(11)  The  known  quality  or  reliability  of  the  data  on  the  radar  display. 

(12)  Separation  standards,  and  other  instructions  in  force. 

(13)  The  amount  and  behaviour  of  other  traffio  mder  the  oontrol  of  the  same  controller. 

(14)  The  positions  of  any  other  traffio  which  nay  interact  with  the  conflicting  traffio,  etc. 
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By  now,  perhaps,  the  problem  does  not  seem  so  simple,  and  the  amoimt  of  relevant  learning  can  he  glimpsed. 

Air  traffic  controllers  rely  heavily  on  learning  to  convey  information.  At  the  simplest  levels  of 
communication,  standard  tools  such  as  the  ICAO  alphabet*  have  to  be  learned.  At  more  complex  levels,  the 
kinds  of  air  traffic  control  information,  the  standard  message  formats,  the  normal  sequence  in  whioh 
different  items  of  information  appear  in  a  message,  the  standard  phraseology  used  to  help  to  ensure  that 
the  message  is  intelligible  and  not  mi  Binders  to  ad,  all  have  to  be  leamod.  At  higher  levels  of  learning, 
there  is  the  need  in  communications  to  be  able  to  interpret  the  needs  of  the  speaker  from  what  he  says, 
and  to  judge  his  competence,  his  confidence,  and  hie  comprehension  from  his  spoken  messages.  This  kind 
of  learning  uses  quite  subtle  cues,  and  the  more  straightforward  procedures  have  to  be  mastered  before 
the  controller  can  progress  to  acquire  these  more  subtle  skills. 

In  systems  which  evolve  and  introduce  new  methods  and  facilities,  there  is  sometimes  the  need  for 
refresher  courses  in  whioh  the  controller  relearns  items  whioh  are  out  of  practice,  or  for  retraining  in 
whioh  he  must  replace  the  familiar  learned  items  with  others.  A  knowledge  of  basic  learning  principles 
in  relation  to  human  capabilities  can  help  to  ensure  that  these  processes  of  refresher  training  and 
retraining  are  effioient,  and  that  they  do  not  load  to  aor. fusion  between  the  new  and  the  old. 

The  errors,  omissions  and  inconsistencies  of  individuals  can  be  partly  a  product  of  their  learning. 
When  a  controller  makes  a  mistake,  this  usually  mesne  that  something  has  not  been  learned  adequately. 
Mistakes  can  bo  classified  as  those  whioh  he  notices  and  can  correct,  those  which  he  notioes  but  has  not 
learned  how  to  correot,  and  those  which  he  does  not  notice  and  whioh  therefore  persist,  but  whioh  he 
might  have  boon  able  to  correct  had  he  noticed  them.  Learning  may  be  asBeasad  by  the  fluency,  efficiency, 
consistency  and  especially  safety  of  the  learned  performance,  but  it  should  also  be  juiged  by  the  nature 
and  frequency  of  residual  errors  and  the  ways  in  which  the  man  hae  leamod  to  correct  them.  Similar 
considerations  apply  to  omissions  which  again  can  be  traced  to  deficienoiee  in  learning. 

One  kind  of  learning  is  usually  called  trial  and  error.  It  applies  to  an  action  whore  the  outcome 
is  not  known  in  advance  and  where,  if  the  outcome  is  favourable,  the  action  will  be  repeated  and  if  it 
is  noij  a  different  aotion  is  likely  to  be  substituted.  Air  traffio  control  is  not  the  place  for  trial 
and  error  learning  but  the  fact  remains  that  if  other  learning  has  not  taken  place,  trial  and  error 
learning  is  the  last  resort  of  the  man  forced  to  take  actions  when  his  knowledge  is  inadequate.  The  more 
experience  of  the  consequences  of  aotions  that  can  be  engendered,  the  safer  air  traffio  control  is 
likely  to  be. 

Psychological  theories  of  learning,  now  and  in  the  past,  have  had  little  to  say  directly  about  such 
practicalities.  At  one  time,  learning  was  by  far  the  predominant  ooncept  in  the  whole  of  psychology, 
and  most  psychological  theories  formulated  were  learning  theories.  Most  of  these  are  now  forgotten  or 
discredited.  It  is  aguinst  this  background  that  the  modem  psychologist's  oceptioism,  end  recently 
oritioised  denigration  of  some  learning  theories,  should  be  viewed77 .  nowadays,  learning  is  more  oom- 
monly  considered  os  the  first  temporal  stage  of  memory,  the  eeoond  and  third  phases  being  storage  and 
retrieval.  This  kind  of  framework  seoms  more  suited  to  the  learning  of  a  single  item  or  a  single 
association,  if  it  is  thought  that  all  learning  is  ultimately  a  matter  of  associations,  than  it  is  to 
learning  as  additions  to  knowledge,  whioh  receives  a  broad  mention  in  some  texts but  none  in  others, 
fet  most  air  traffio  control  learning  is  the  acquisition  of  knowledge. 

One  aspeot  of  learning  of  particular  importance  in  adr  traffio  control  has  received  little  psycho¬ 
logical  study.  This  oonoerns  learning  what  not  to  do.  An  essential  part  of  the  controller's  training 
is  the  breaking  of  inappropriate  habits,  and  the  recognition  of  his  own  limitations.  For  example,  he 
must  never  become  so  involved  in  resolving  a  problem  that  he  ignores  everything  else  that  is  happening. 

He  has  to  learn  that  no  matter  how  important  or  urgent  a  problem  is,  he  must  while  solving  it  oontiauo 
to  pay  some  attention  to  other  events  that  concern  him  and  to  other  aircraft  whioh  are  his  control 
responsibility  even  though  they  may  not  ba  directly  concerned  with  the  particular  problem.  Similarly, 
he  must  learn  that  hie  ability  to  deteot  potential  conflicts  is  fallible,  and  his  ability  to  resolve  them 
limited.  He  has  to  learn  that  if  an  aircraft  is  flying  round  the  sro  of  a  oirole,  he  is  liable  to 
misjudge  how  long  it  will  take  to  do  bo  and  tho  distance  it  will  cover  in  doing  so.  These  are  common 
human  limitations  and  sources  of  error.  The  controller  has  to  learn  to  recognise  and  compensate  for 
his  own  fallibility. 

5d  REMEMBERING 

Many  early  studies  in  psychology,  primarily  concerned  with  rote  learning,  examined  the  effeots  of 
the  method  of  learning  or  of  the  scheduling  of  learning  on  the  ability  to  recall  what  had  been  learned. 

In  these  studies,  remembering  had  nothing  to  do  with  understanding:  indeed  the  experimental  material 
often  took  the  form  of  nonsense  syllables,  deliberately  chosen  because  they  wars  incomprehensible. 

Studies  of  memory  used  Bimple,  recently  learned  material  which  was  self-ouffioient  and  did  not  have  to 
be  related  to,  or  incorporated  in,  existing  knowledge.  The  findings  had  no  direct  relevance  to  memory 
for  complex  material  learned  long  ago  and  integrated  into  a  corpus  of  knowledge,  or  to  the  long-term 
maintenance  of  suoh  knowledge.  Such  studies  of  memory  are  so  remote  from  the  acquisition  of  knowledge 
used  in  real-life  tasks  that  they  do  not,  and  for  methodological  reasons  cannot,  contribute  towards  our 
understanding  of  the  acquisition  of  that  knowledgo79. 

An  example  of  the  practical  relevance  of  memory  to  air  traffio  control  safety  ooours  when  a  control¬ 
ler  dears  an  aircraft  at  a  low  level  to  olimb  to  oruising  level,  with  the  intention  of  remembering  from 
time  to  time  that  lie  must  verify  that  the  airoraft  remains  safely  separated  from  other  aircraft  and  oan 
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oontinua  to  oliob  safely.  If  another  problem  or  an  emergency  then  arises,  this  reliance  on  memory 
becomes  parlous  and  vulnerable.  Because  human  memory  is  fallible,  tasks  and  procedures  are  devised  so 
that  as  far  as  possible  safety  does  not  depend  solely  on  the  memory  of  one  man.  7f  it  must,  then  evory 
effort  should  be  made  to  understand  the  processes  of  memory,  and  to  make  memory  more  sure.  Memory  has 
long  been  and  still  ie  the  subject  of  prolific  research  in  psyohologySO.  perhaps  this  research,  by 
illuminating  the  meohanioms  of  memory,  can  provide  practical  guidance  on  how  it  co  ud  be  strengthened  and 
its  limitations  oirouervented. 

Occasional  attempts  have  been  mode  to  bridge  tho  gap  between  theory'  and  application  to  air  traffic 
control  by  conducting  traditional  psychological  experiments  on  memory  using  air  traffic  control  material 
such  as  radio  frequencies  and  transponder  codes®’'.  Such  material  may  however  be  little  better  than  non¬ 
sense  syllables  to  the  naive  subjeote  often  employed.  It  io  not  related  to  a  body  of  knowledge  covering 
air  traffic  control  procedures,  comnuiii cations  between  air  and  ground,  and  tasks  whioh  the  pilot  or 
controller  have  to  perform  In  response  to  the  message.  It  does  not  have,  in  the  laboratory,  the  same 
practical  significance  as  in  real  life.  To  mishear  or  forget  is  not  potentially  dangerous.  Such  studies 
however  can,  by  generating  numerous  failures  of  memory,  suggest  that  there  ought  to  be  a  bettor  way  to 
code  information  to  make  it  more  memorable,  and  they  can  exemplify  the  proposition  "that  if  a  person 
encodes  a  short  sequence  of  items  for  the  purpose  of  maintaining  the  sequence  in  memory  for  a  uhort 
pariod,  and  he  is  than  distracted,  memory  for  the  sequence  will  be  rapidly  loet"^  —  in  lees  than  two 
seconds  in  fact. 

Cn  the  basis  of  laboratory  studies,  three  separate  kinds  of  memory  are  normally  distinguished.  The 
first  refers  to  what  is  happening  at  the  moment.  A  sensory  information  store  oan  apparently  hold  com¬ 
prehensive  and  relatively  unstructured  Information  on  what  is  being  sensed  for  up  to  about  half  a  second 
without  nonscious  effort  on  the  subject's  part.  This  oonstitutea  tho  present,  to  bo  distinguished  from 
true  memory,  although  it  is  sometimes  called  primary  or  direot  memory,  Par  more  can  be  seen  or  held  iu 
this  sensory  store  for  a  fraction  of  a  second  than  can  be  remembered.  The  second  kind  of  memory  iu 
normally  called  short  term  memory.  This  oovers  periods  generally  of  a  few  ooooude,  and  up  to  a  few 
minutes  at  most,  and  refers  to  information  which  only  has  to  bo  remembered  for  a  short  time  or  is  in  the 
process  of  being  organised  for  long  term  storage.  Tho  third  kind  of  memory,  referred  to  as  long  terra 
memory,  concomo  all  memory  longer  than  a  few  minutes,  and  refers  to  our  knowledge  of  tho  world  from  our 
experience,  understanding,  and  acquisition  of  information. 

These  divisions  do  not  fit  practical  considerations  noatly.  Clearly  in  air  traffic  control  the  con¬ 
troller  relies  heavily  on  long  term  memory  for  hie  general  knowledge  of  tho  principles,  methods  and 
toohniquos  of  air  traffic  control  and  for  his  apeoific  knowledge  about  the  way  those  principles  are 
translated  into  praotico  in  a  particular  air  space  under  his  own  control.  The  traffic  at  any  given 
instant  is  ohanging  within  a  timescale  whioh  refers  to  short  term  rather  than  long  term  memory.  However, 
the  theory  of  memory  implies  a  separateness  between  long  terra  and  uhort  term  memory  which  does  not  appear 
in  practice.  Tho  controller  sometimes  worries  about  what  he  calls  losing  the  pioture.  It  is  difficult 
to  fit  this  into  theories  of  memory.  Sometimes  it  is  tha  moaning  of  tho  perceived  information  rather 
than  the  information  itself  whioh  is  apparently  lost.  Rebuilding  a  pioture  loot  in  tins  way  oan  be  a 
painstaking  process  involving  the  transfer  of  information  in  short  term  memory  to  long  term  memory.  In 
theoretical  tarmu,  forgetting  can  either  relate  to  matorial  onoe  remembered  but  now  no  longer  accessible, 
or  to  material  whioh  has  never  been  learned  in  the  sense  that  it  has  never  been  in  a  uhort  term  or  long 
term  memory  store. 

The  complexity  of  real  lifo  tasks  tends  to  defeat  tho  application  of  psychological  thoory,  and 
theoriee  of  memory  exemplify  this.  Perhaps  the  main  practical  1  imi tutionu  of  memory  are  that  tho  com¬ 
mittal  to  memory  of  Information  is  a  relatively  olow  process,  that  the  remll  of  information  is  in  some 
respects  unreliable  and  fallible  in  non-random  ways,  that  the  process  of  rehearsal  may  itoolf  change 
somewhat  what  iu  boing  rehearsed,  and  that  some  forgetting  is  inevitable  but  not  necessarily  the  kind  of 
forgetting  which  tho  operator  would  chooBB. 

Memory  ie  seon  an  positive  and  forgetting  as  negative,  but  in  practical  terms  this  may  not  always 
apply.  It  would  seem  that  in  air  traffio  control  one  criterion  to  establish  the  best  ways  of  presenting 
information  could  be  to  choose  codings,  formats  and  display  methods  whioh  make  tho  information  easy  to 
remember  at  the  time  and  facilitate  its  subooquant  reoall.  Alternative  coding  conventions  have  generally 
boon  oompared  in  terms  of  thoir  effects  on  task  porform-nco  rather  than  on  thoir  relations  to  memory. 
While  information  should  be  usable  when  it  io  present,  tho  desirability  of  leaking  it  memorable,  even  if 
that  were  pooeib.le,  is  questionable.  Per  many  purposes,  it  would  seem  more  advantageous  to  be  able  to 
forget  it  onoe  its  usefulness  and  relevance  have  gone.  Information  which  is  continuously  recalled  hours 
or  days  after  it  hod  any  value  may  bo  unwanted  lumber.  In  solving  today's  problems  the  man  may  have  no 
need  or  wish  to  reoall  the  fine  detail  of  the  probloms  whioh  he  solved  yesterday.  In  somo  circumstances 
in  air  traffio  oontrol  it  would  therefore  seem  beneficial  to  choose  codings  and  formats  to  pro  mote 
forgetting,  or  at  lsast  to  know  how  to  do  so.  Uifortunately  on  this  point  theories  of  forgetting  offer 
no  praotical  help.  While  different  visual  coding  dimension^  are  probably  not  equally  memorable,  although 
the  information  on  this  point  is  far  from  ooraplote,  there  seom  no  praotioal  guidelines  to  select  coding 
dimensions  to  aid  forgetting. 

An  objective  of  training  is  to  establish  a  body  of  long  torn  knowledge  whioh  can  act  os  a  frame  of 
reference  for  adding  subsequent  knowledge,  and  oan  bo  organised  to  facilitate  the  aoleotive  reoall  of  what 
iu  relevant  to  any  given  problem,  and  to  discourage  the  unproductive  recall  of  what  is  irrelevant. 
Praotioal  evj-dcnco  derived  from  theoretical  etudics  of  memo'./  may  enhance  training  ®3i 

(1)  When  information  has  been  learned  so  that  it  can  be  recalled,  its  long  term  retention  in  memory 
and  reoall  can  be  greatly  enhanced  by  continuing  to  learn,  or  overlcam,  it  for  a  little 
longer. 

{£)  The  extent  to  which  new  information  is  similar  to  familiar  information  influences  the  ability 
to  recall  it  without  recalling  tho  old  information  in  addition  to  it  or  instead  of  it.  Systems 
which  eynlve  may  engender  nrobleme  of  memory  of  this  kind. 
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(3)  Memory  of  information  is  Apparently  greater  if  the  memoriaer  is  already  knowledgeable  about 
the  subject  matter,  not  because  msinoiy  capacity  is  improved  but  because  material  to  be 
memorised  can  be  ordered  into  larger  ohuiks  or  meaningful  wits.  The  ability  of  the  air  traf¬ 
fic  controller  to  remember  a  great  deal  about  the  traffio  he  has  been  controlling  is  not 
because  he  has  a  particularly  good  memory  but  because  his  knowledge  of  air  traffio  control 
enables  him  to  treat  tho  information  in  larger  chunks  or  units.  Although  memory  may  have 
something  like  a  fixed  oapaoity  in  terms  of  tbs  number  of  chunk  a  which  can  be  put  into  memory 
or  retrieved  from  memory  in  a  given  time,  this  is  not  of  practical  significance  since  it  has 
the  effect  that  the  greater  the  existing  knowledge  is  the  greater  the  oapaoity  for  learning 
related  material  can  become. 

Much  academic  work  on  memory  dwells  on  the  distinction  between  recognition,  which  requires  little 
searching,  and  recall,  which  is  primarily  a  search  and  retrieval  process.  Recognition  is  usually  both 
more  reliable  and  subjectively  easier  than  recall.  In  air  traffio  control,  the  distinction  between 
recognition  and  recall  does  not  usually  havs  the  praotioal  significance  that  it  has  in  the  psychological 
laboratory.  Often  both  meohanisms  are  involved  sequentially;  information  is  retrieved  by  following  the 
set  procedures  whioh  have  to  be  recalled;  once  it  has  been  retrieved  and  displayed  it  can  then  be 
recognised,  The  correction  of  errors  involves  their  recognition  as  such,  and  than  the  recall  of  the 
means  of  correction. 

5o  ATTENTION 

The  importance  of  attention  in  dusigning  air  traffio  control  workspaces,  toons,  displays  and  facili¬ 
ties  is  now  more  widely  acknowledged  than  it  onoa  was.  Attention  sets  the  main  praotioal  llmitB  on  the 
psoe  at  whioh  information  can  be  assimilated,  particularly  from  large  tabular  displays  whioh  have  to  be 
searohed  to  so  loot  information  from  them,  as  diatinot  from  radar  displays  whare  the  pattern  of  informa¬ 
tion  has  to  be  perceived  and  attendad  to.  In  most  oiroumstanoes  in  air  traffio  control,  much  more 
Information  than  can  be  attondad  to  at  onoe  is  presented  on  displays,  since  this  information  is  needed 
to  do  the  whole  task.  Ergonomic  principles  seek  to  ensure  that  the  information  is  presented  so  that 
eveiy  item  oan  be  perceived  clearly  and  with  a  minimus  of  ambiguity.  Tha  information  will  only  ba  used 
if  the  man  attends  to  it  at  some  point,  and  when  ha  doea  attend,  his  interpretation  of  it,  tha  meaning 
he  assigns  to  it,  and  the  use  that  he  can  maka  of  it,  all  depend  on  what  he  already  knows  about  air 
traffio  control  and  hie  tasks.  At  one  time  much  emphasis  want  on  ensuring  that  tha  information  needed 
for  the  task  was  provided;  then  the  concern  was  to  ensure  its  disoriminabili  ty;  but  the  euooesoful 
achievement  of  these  stages  is  insufficient.  The  information  remains  largely  unintelligible  and  use¬ 
less  to  wore  one  without  a  knowledge  of  air  traffio  control  and  its  procedures. 

Prom  their  own  experience,  people  are  aware  that  they  can  attend  to  only  a  limited  amount  of 
Information  at  any  one  time.  They  are  also  aware  that  to  soma  extent  they  oan  ohooan  what  they  will 
attend  to,  but  in  certain  oirounstanoea  may  lose  this  facility  to  dlreot  their  attention  so  that,  will¬ 
ingly  or  not,  they  find  themselves  distracted  by  information  whioh  thay  do  not  want  to  be  concerned  with, 
or  drift  into  a  daydream  in  whioh  none  if  the  information  around  them  is  receiving  tloir  attention.  In 
air  traffio  control  tasks,  neither  distinctions  nor  daydreams  are  ever  deuirable,  Kf forte  ore  therefore 
made  in  the  design  of  tasks  and  facilities  to  ensure  os  far  as  possible  that  attention  is  maintained  on 
the  air  traffic  control  task  at  all  timas.  While  suoh  efforts  oan  be  partly  successful,  it  ssur  ulti¬ 
mately  be  unwise  to  predicate  the  safety  of  tha  system  on  the  sssumption  that  they  oan  always  auooeed. 
Uioontro  liable  lapses  of  attention,  particularly  in  highly  familiar  environments  with  aver  learned  tasks, 
appear  to  be  an  inherent  charaoteriotio  of  human  behaviour,  and  it  would  be  prudant  to  try  and  design 
air  traffio  oontrol  systems  to  remain  safe  when  the  man  is  not  attending  as  well  as  when  he  is. 

Attention  con  seem  like  a  beam  which  can  be  pivoted  or  switohed  but  only  directed  exclusively  to 

one  plaoo  at  one  time.  This  is  a  potentially  misleading  analogy.  Although  the  man  may  have  the  propen¬ 

sity  to  attend  to,  and  become  exclusively  absorbed  in,  a  single  problem  until  he  has  resolved  It,  euoh 
singlemlndadness  can  be  potentially  dangerous  in  air  traffio  control  and  an  important  part  of  the 
training  of  the  air  traffio  oontrollor  is  to  ensure  that,  no  matter  how  important  a  problem  becomes,  ho 
still  attends  from  time  to  time  to  inoipient  problems  elsewhere  and  to  other  espeots  of  his  task.  He 
cannot  afford  to  buoome  totally  oblivious  to  evoiything  else  that  la  happening.  This  is  related  to  the 
feasibility  of  task  sharing,  to  the  ways  in  wliloh  tasks  can  be  shored,  and  to  individual  differencesgiu 
the  ability  to  shore  tasks,  on  ability  whioh  seams  independent  of  the  nature  of  the  tasks  themselves04. 
This  raises  the  issue  of  the  extent  to  whioh  effective  task  sharing  can  be  promoted  in  air  traffio 
oontrol  ty  suitable  training,  facilities  and  task  designs. 

Attempts  to  control  and  diroot  attention  are  likely  to  be  only  partly  successful.  Qi  primary  radar 

displays,  the  rotating  light  beam  exercised  a  strong  influence  on  the  direction  of  attention  whioh  tha 

observer  found  diffioult  to  oountor,  whether  it  foetsred  efficient  use  of  the  display  or  not.  Codings 
such  as  flashing,  whioh  am  primarily  designod  to  direot  attention  rather  than  to  convey  information,  may 
be  counter-productive  if  they  go  on  attracting  tho  man’s  attention  after  thay  have  served  their  initial 
purpose.  The  design  and  layout  of  equipment,  particularly  of  displays  and  visual  coding  dimensions,  oon 
influence  tha  distribution  of  attention.  There  ia  thus  the  possibility  when  workspaces  are  designed,  of 
influencing  attention  towards  its  optimised  division  in  terms  of  efficient'^  ask  performance. 

Notions  of  task  sharing,  and  of  primary  and  secondary  tasks  between  which  there  i»  attention  switch¬ 
ing,  may  be  predicated  on  the  assumptions  that  tha  tarn  prooeesea  information  serially  and  that  information 
processing  capacity  is  fixed,  both  of  whioh  can  be  questioned^?.  Studies  on  these  topics  reveal  a 
further  oharacterietio  of  attention  whioh  has  imuuntod  praotical  implications,  namely  that  a  person 
instructed  to  divide  his  attention  between  teaks  in  a  particular  way  cannot  always  follow  suoh  an  instruc¬ 
tion,  try  as  he  may.  Attention  oannot  always  bo  direoted.  ThiB  has  benefits  and  disadvantages.  It 
means  that  in  a  dire  emergenay  it  should  be  possible  in  prinoiple  to  attract  the  man’s  attention  using  a 
stimulus  of  appropriate  coding  and  high  intensity.  It  is  also  possible  to  steer  and  oontrol  attention  to 
some  extent.  Ua  the  other  hand,  it  may  never  ba  possible  to  exclude  all  distractions. 
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Various  principles  can  uc  used  to  drab  attention  and  alert  tbs  controller.  New  information  may 
appear  very  boldly  to  draw  tbs  man’?  attention  to  it.  Quae  he  has  perceived  and  acknowledged  it, 
however,  the  need  for  its  obtrusiveneeo  has  gone.  A  flashing  coding,  or  higher  brightnesses  or  larger 
characters,  all  of  which  oan  revert  on  adcnow lodgement  to  usual  methods  of  dspiotion,  may  be  suitable 
for  new  information.  Emergency  information  may  be  depicted  in  a  way  whioh  attraote  and  holds  the 
attention.  Again,  this  dspiotion  should  last  only  for  as  long  as  the  emergency, whioh  is  likely  to  be 
much  longer  than  for  new  information.  Flashing  may  therefore  be  leos  suitable  but  odour  can  be  effec¬ 
tive  in  this  role;  enhanced  size  or  brightness  night  also  suooaed.  Information  whioh  is  continually 
changing  may  be  depioted  obstrusively  or  unobtrusively,  depending  on  the  importance  of  the  changes  which 
are  taking  place.  An  important  consequence  of  replacing  manual  by  automated  functions  is  that  whereas  in 
manual  syttams  tho  men  had  to  make  eaah change  himself  and  so  knew  that  it  had  ooourred,  in  automated 
systems  he  may  not  even  notioc  one  end  hie  attention  may  have  to  be  drawn  to  it.  If  a  single  item  in  a 
tabulated  list  ohanges  ha  may  be  aware  from  detecting  a  movement  that  something  has  changed,  but  not 
know  what.  It  can  be  very  irritating  to  search  a  tabular  information  display  to  tty  to  deduoa  whioh 
item  has  ohanged,  relying  on  memory  of  what  was  there  before.  An  indication  ie  neoeaeary  of  items  of 
information  that  have  recently  ohanged,  perhaps  by  increased  size,  brightness,  or  a  mark  such  aa  an 
asterisk  which  remains  present  for  a  short  time  after  a  change  and  then  reverie  automatically  to  its 
normal  state.  How  long  "a  short  time"  is  would  depend  on  context ,  but  perhape  10  seconds  would  be 
typical.  Grose  changes  in  displays  may  be  introduced  in  order  to  draw  the  controller's  attention  to  a 
particular  problem,  such  as  auto  alert  facilities  to  show  that  an  aircraft  is  straying  from  ite  track, 
or  oonfliot  detection  facilities  to  show  that  there  may  be  an  impending  oonfliot  between  traffic  which 
the  controller  miwt  attend  to.  Where  more  than  one  item  is  concerned,  aa  in  oonfliot  alert,  it  is 
important  to  depiot  both  oonfliot  It  era  in  a  coda  which  differs  from  other  displayed  Information,  and  to 
une  the  some  coding  for  the  conflicting  pair,  to  that'  they  oac  bo  aaen  aa  related,  and  preferably 
perceived  as  an  entity  or  distinct  sub-category . 

The  needs  of  the  tusk  will  dictate  the  quantity  of  information  to  whioh  the  controller's  attention 
should  be  drawn.  At  ono  extreme  if  may  be  desirable  to  draw  his  attention  away  from  one  display  to 
another.  At  another  extreme  it  may  be  one  small  piece  of  information,  uuoh  as  two  aircraft  at  the  same 
height,  whioh  it  is  important  that  the  controller  should  know.  Suitable  methods  of  ooding  can  not  only 
guide  the  attention  but  determine  the  luvel  of  detail  at  whioh  the  oontroller  should  attend.  This 
should  onahla  him  to  sea  the  problem  au  a  who  la  and  not  foots  on  one  small  port  of  it  or  on  the  problem 
in  the  contort  of  a  much  larger  and  irrelevant  context. 

The  information  in  a  large  tabular  display  cannot  all  be  attended  to  at  onoe.  Id  a  play  design  can 
help  to  impose  on  orderly  soquonoo  on  tha  pattern  of  search  and  attention,  hy  indicating  relationships 
among  the  displayed  data  and  by  structuring  the  information  so  that  none  is  inadvertently  nuBoad  out. 

If  tho  information  on  an  air  troffio  control  display  were  used  only  for  a  oingle  task,  than  there  would 
be  a  single  criterion  for  determining  the  relative  importance  of  different  categories  of  information, 
and  this  criterion  oould  be  adopted  to  determine  the  relative  viBual  prominence  and  attention  demanding 
properties  of  various  information  categories.  However,  in  air  traffic  control  tha  same  information  car 
be  used  for  many  tanks,  and  it  nay  not  have  the  same  relative  .Importance  for  each)  furthermore,  ini'or- 
whioh  iu  most  important  for  oomc  tosku  may  be  superfluous  for  others.  The  more  boldly  it  ie  coded  for 
the  tasks  for  which  it  is  vital,  the  more  diiitraoting  it  becomes  for  the  tasks  for  whioh  it  iu  not 
needed.  In  general  therefore,  an  mast  air  traffic  oontrol  displays,  a  balance  has  to  the  atruck 
between  the  coding  needs  of  various  tasks.  This  problem  becomes  particularly  acute  when  different 
controllers  perform  different  lunotiona,  sharing  the  earns  display. 

There  is  rauoh  concern  in  air  traffic  oontrol  with  lapses  in  attention  and  their  potential  conse¬ 
quences,  not  only  because  these  imply  a  temporary  absence  of  oontrol  of  air  traffio  but  also  bacausu  if 
the  man  falls  to  maintain  Uiu  attention  it  oan  be  potentially  dangerous.  There  iu  an  unresolved 
dilemma  here.  It  is  contended  that  the  controller  must  pay  attention  to  his  traffio  all  tha  time  and 
the  safety  of  the  system  presumes  that  he  does  so,  Systems,  functions,  facilities  and  tasks  are 
designed  to  ensure  that  he  does  maintain  his  attention.  Yet  it  is  not  poseible  for  anyone  to  maintain 
attention  indefinite iy  on  anything.  Lapses  m  attention  are  bound  to  ocour,  end  tho  most  commendable 
and  effective  efforts  to  ensure  continuously  maintained  attention  oan  only  reduoe  these  lapses  and  never 
eliminate  thou  completely.  Hy  all  means  let  Us  do  our  bast  to  ensure  the  controller's  continuous  atten¬ 
tion,  but  let  us  not  make  the  safety  of  the  system  depend  on  our  suooaas  whan  we  know  that  our  euocoss 
cannot  be  complete.  Passive  monitorin';  roles  in  air  traffio  control  do  seem  to  make  lapses  in  attention 
more  pr  bable i  this  needs  quantitative  ve.,-  fication  under  experimental  conditions.  It  doea  seem  that  it 
may  never  be  possible  to  prevent  all  lapses  in  attention  entirely  but  only  ;o  adjust  tasks  so  that  they 
need  attention  to  do  them,  to  keep  tho  man  continuously  in  the  loop,  to  require  the  exeroise  of  skills 
end  knowledge,  and  to  prevent  his  role  from  becoming  too  passive. 

Ctoo  aspect  of  attention  which  has  reueived  theoretical  rather  than  practical  study  concerns  its 
relationship  to  expectancies.  People  who  are  attending  may  perceive  what  they  expect  to  see  rather  than 
what  is  actually  there,  some  oodinga,  such  as  movement  and  flashing,  may  draw  the  controller's  attention 
tc  Information  but  may  not  help  him  to  understand  it  onue  he  has  attended  to  it.  The  methods  of  drawing 
attention  to  information  can  affeot  what  the  man  expects  to  see. 

When  tha  man  is  overloaded,  this  may  become  most  apparent  to  him  in  ths  form  of  excessive  demands  on 
his  attention,  where  be  knows  that  he  should  be  attending  to  several  things  at  once  but  cannot  do  so,  and 
has  to  deoide  how  his  attention  should  be  allocated.  Iu  such  circumstances  he  oan  appreoiate  that  his 
performance  is  being  limited  by  hie  ability  to  attend  to  and  understand  the  information  present.  He  may 
fail  to  perceive  something  important  because  there  were  too  many  other  things  to  attend  to.  This  can  be 
potentially  dangerous  and  is  considered  in  relation  to  tha  pcnsible  causes  of  incidents  or  accidents. 
However,  incidents  or  accidents  may  also  ooour  when  the  man  is  underloaded,  and  has  too  little  to  attend 
to.  Lapses  of  attention  may  ba  asuooiated  with  underload  rather  than  overload.  It  may  be  with  aeriouu 
underloading  that  the  probability  of  daydreaming  and  the  problem  of  the  maintenance  of  attention  to  the 
task  be corns  most  acute. 
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5f  IBPOKIUMOii  PROOES3IHG 

From  time  to  time,  &  particular  psychological  theory  or  eet  of  construct*  heooues  eo  dominant  that 
olaims  are  made  to  treat  the  whole  of  psychology  in  its  terns.  In  the  past  this  has  ooourred  with 
certain  learning  theories.  At  present,  information  processing  is  sometimes  treated  so  broadly  as  to  be¬ 
come  nearly  synonymous  with  psycho  log/78,  Tha  frame  of  reference  oomonly  used  in  psychology  in  relation 
to  information  proceasing  has  not  generally  been  applied  in  air  traffio  oontrol,  where  in  the  pest  tho 
man  has  often  beoome  overloaded  with  information  beoause  his  limitations  of  information  processing  have 
been  insufficiently  mdaratood. 

According  to  a  simplified  description,  the  air  traffic  controller  assimilates  information  from  hie 
displays,  his  aurrouidings  and  his  oonramioationfl,  and  processes  and  interprets  that  information  in  the 
light  of  hia  capabilities,  knowledge,  training,  experience,  procedures,  instructions,  preferences  and 
attitudes.  He  gains  an  indcratanding  of  what  has  ooourred,  ie  ooourring  and  will  toon  ooour,  ohooaes 
and  implements  appropriate  notions,  and  continues  to  ensure  that  theee  actions  are  safe,  efficient  and 
appropriate  for  as  long  as  necessary.  According  to  conventional  wisdom,  the  controller  attends  to  far 
less  than  he  could  sense,  and  mostly  processes  what  he  attends  to  rather  than  what  could  be  sensed.  The 
processes  of  attention  limit  the  information  ha  can  assimilate  and  use,  but  he  also  has  severe  limits  in 
the  rate  at  which  he  oan  process  information.  Because  he  can  deal  only  with  a  faw  items  or  units  of 
information  at  a  time,  it  is  desirable: 

(1)  lb  parcel  that  information  for  him  into  mita  which  are  a*  big  as  possible  'cut  which  con  he 
assimilated  aa  entities. 

(2)  To  make  the  information  in  separate  unite  os  compatible  as  possible  with  that  in  ether 
wits. 

(3)  To  guide  tho  man  so  that  he  does  not  waste  time  trying  to  assimilate  information  which  is  of 
no  rulevnuos. 

(4)  lb  ensure  that  the  information  presented  ia  at  a  level  of  detail  which  allows  him  to  taokle 
the  tasks  which  he  must  perform. 

(5)  lb  make  maximum  use  of  tha  man's  existing  knowledge  and  framaa  of  reference  rather  than  of  new 
knowledge  which  has  to  ba  gathered  and  processed  before  ha  oan  use  it. 

A  current  way  of  looking  at  Information  processing  in  theoretical  terns  is  to  consider  whether  tha 
limits  on  the  man  ore  ultimately  data  limited,  in  the  aenae  that  ha  has  in  some  respeot  insufficient 
information  to  carry  out  his  task  properly  in  the  time  available,  or  resource  limited,  in  the  sense  that 
although  the  information  ia  present,  limits  of  attention,  of  effort,  and  similar  concepts  ultimately 
determine  how  well  it  can  be  ussd5°.  Clearly  it  ia  not  efficient  if  he  has  inadequate  information  on  the 
one  hand  or  excessive  data  on  the  other.  Therefore  in  practical  terms  the  aim  may  ba  to  match  tha 
separata  limits  set  by  data  limiting  faotora  and  by  resource  limiting  f nonrs  so  that  they  are  not 
greenly  different.  This  would  imply  that  tha  information  has  been  well  tailored  to  tha  needs  of  the  task 
and  to  tha  man's  abilities  and  limitations. 

A  recurring  finding  in  air  traffio  oontrol  is  that  tha  typical  controller  possesses  more  information 
about  the  traffio  he  is  controlling  than  would  be  predioted  on  theoretical  grounds.  This  is  because  tha 
combination  of  aalaotion,  training,  knowledge  and  experience  in  the  oontrolinr  leads  to  nn  efficient 
frame  of  reference  which  also  fosters  tbs  incorporation  of  further  data  efficiently.  Tha  Information 
structure  and  units  whioh  ha  has  learned  are  also  broad  and  integrated  as  part  of  their  initial  percep¬ 
tion,  before  information  processing  takes  place.  The  controller  who  takes  over  an  operating  position 
from  a  aolleagus  requires  quite  a  long  time  to  build  up  his  pioture  of  tha  traffio.  Us  has  to  process 
a  lot  of  information  in  order  to  do  so,  and  tha  prolonged  time  reflects  the  limits  of  his  ability  to 
process  information  sod  construct  a  very  elaborate  framework  even  with  bile  knowledge  and  experience . 
doe  he  has  constructed  it,  be  relies  heavily  on  it  for  controlling  traffio  and  feels  vulnerable  il'  oir- 
ouastenoas  suggest  that  tbit  carefully  constructed  pioture  may  vanish,  disappear  or  become  meaning  lens. 

HA  may  therefore  worry  about  what  be  call:  "losing  the  pioture",  believing  that,  if  he  does  lose  it, 
itn  reconstruction  ia  a  long  process,  and  that  during  tha  reconstruction  the  system  is  sacra  vulnerable 
and  perhaps  leas  safe.  The  evidence  to  support  this  belief  is  not  strong,  but  neve  art  ba  lou*  the  belief 
is  strongly  hsld^S. 

Beoause  the  controller  brings  a  great  desl  of  existing  knowledge  to  his  task,  and  because  ba  needs 
to  know  a  lot  of  information  to  do  hie  task  efficiently,  the  choice  of  information  for  him,  the  level  of 
detail  at  whioh  it  is  dspioted,  and  the  coding  conventions  employed,  oan  all  ba  expected  to  nffeot 
considerably  bis  efficiently  as  a  processor  of  air  traffio  oontrol  infortwition.  This  ia  reflected  in  the 
pre-occupation  of  much  air  traffic  control  research  and  evaluation  with  displays,  with  layouts,  and  with 
information  coding,  However,  much  of  the  emphasis  has  been  on  tbs  choice  of  information  deduced  from 
task  descriptions.  It  has  seemed  to  be  implied  that  the  human  factors  work  is  substantially  finished 
whan  it  own  be  shown  that  the  information  needed  to  do  the  task  is  present,  but  it  is  not.  In  praotioe 
it  is  easy  to  present  data  which  oontains  the  information  needed  for  a  task,  but  whioh  the  ueur  cannot 
fathom.  Some  computer  manuals  inadvertently  illustrate  thi*  point  vejyr  well.  A n  essential  stage  of 
human  faotora  is  to  ensure  that  information  is  not  merely  present  but  oan  be  used  and  oan  be  understood. 

Compered  with  a  computer,  men  cannot  process  a  great  deal  of  information  in  a  short  time.  It  is 
partly  beoause  of  this,  that  computer  aids  are  needed  in  air  traffic  oontrol.  It  also  follows  that  in 

wiy  respects  it  is  impossible  for  the  men  to  check  what  the  computer  ie  doing,  simply  because  it  oan 

handle  and  process  the  information  at  a  pace  with  whioh  he  oaanct  compete.  To  check  the  computer  there¬ 
fore  ha  needs  to  know  what  sort  of  mistakes  it  oan  moke,  and  what  sort  of  enure  may  seem  plausible  to 
it  but  not  plausible  to  him.  It  is  not  possible  for  the  man  to  naks  the  sane  calculations  ss  the  com¬ 
puter  in  order  to  aback  thair  correctness .  This  is  on  a  priori  principle  and  it  should  have  a  major 

inf l'ueuoe  on  tha  respective  roles  of  man  and  maohin*  in  tho  system.  A  oomputor  can  be  programmed  to 
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pro cans  and  weigh  data  from  many  independent  sources  hut  if  thore  are  too  many  independent  sources  of 
data  for  a  man  to  process  in  the  time  available  he  will  simply  miss  out  some  of  them  and  they  might  as 
well  not  be  present  for  all  the  influence  they  h&vo  on  hie  understanding  and  decision  making. 

The  choice  of  types  of  coding,  such  as  alphanumeric,  graphical,  plotorial  c r  symbolic,  can  have 
considerable  influence  on  the  ways  in  which  information  is  processed  by  the  controller  and  on  the  rate 
at  which  the  information  oan  be  processed,  although  this  does  not  always  have  as  much  influence  aa  it 
should  have  on  choice  of  appropriate  coding.  Data  in  the  form  of  flight  strips  differ  from  data  derivsd 
from  radar  displays  in  terms  of  the  priorities  and  level  of  detail,  of  the  information  oonteined,  and 
of  the  processing  which  the  man  can  readily  achieve,  the  controller  Beloots  the  information  which  he 
finds  easiest  and  quickest  to  process,  and  which  is  meat  compatible  with  his  existing  thought  processes. 
Information  which  has  to  be  recoded  before  it  can  bo  used  is  inefficient  and  may  be  neglected  or  ignored, 
and  it  introduces  extra  errors,  combining  those  normally  associated  with  the  interpretation  of  informa¬ 
tion  with  the  further  ones  introduced  by  mistakes  in  recoding.  When  information  on  aircraft  identity 
first  appeared  on  radar  displays,  controllers  strongly  preferred  it  in  the  form  of  the  airoraft  callsign 
because  in  any  other  form  it  had  to  be  reooded®“. 


In  the  design  of  air  traffic  control  tasks,  procedures  and  workspaces,  much  effort  has  to  be  devoted 
to  oiroumventing  human  limitations  of  information  processing,  and  to  maximiae  efficiency  by  moons  of 
preknow ledge,  experience  and  training,  by  the  choice  of  appropriate  codings,  by  presenting  the  informa¬ 
tion  at  the  oorreot  level  of  detail,  by  making  information  compatible  with  existing  framau  of  reference, 
end  by  ensuring  that  as  much  of  the  man’s  time  as  possible  is  taken  up  by  productive  information  proces¬ 
sing.  A  limit  on  information  processing  also  ooaura  if  there  are  long  periods  with  no  information  to 
prooesa,  interspersed  with  periods  when  there  is  too  much.  If  the  information  processing  load  oan  be 
spread  evenly,  this  makes  the  most  efficient  uce  of  limited  time  and  helps  to  ensure  that  the  information 
is  as  up  to  date  as  possible. 

5g  UtUEKSTANUIllQ 

In  general  man  aots  only  on  information  which  ho  understands  or  thinks  he  understands.  Ultimately 
it  is  pointless  to  present  him  with  information  which  is  incomprehensible  to  him,  or  to  draw  his  atten¬ 
tion  to  information  which  ha  oannot  make  donee  of.  It  is  also  wasteful  to  present  him  with  information 
which  he  tries  to  voders  land  for  a  long  time  but  ultimately  discards  because  he  is  not  aura  what  it 
means.  The  product  of  information  processing  is  voders  tending.  Uiderstanding  is  the  basis  for  solving 
problems  and  taking  deoisiona.  It  is  therefore  somewhat  strange  that  lass  attention  is  paid  to  the 
prooens  of  mderntanding  than  to  those  of  presenting  information  or  of  talcing  aotionu.  This  is  partly 
because,  if  tho  man  and  maohine  are  viewed  aa  a  sub-system,  human  understanding  is  perhaps  the  aupeot  of 
that  system  which  is  moot  ddffioult  to  disentangle  from  other  influences  and  roost  diffioult  to  measure. 
Nevertheless  understanding  is  of  crucial  significance!  it  is  the  oulmination  of  the  other  prooeeeea  of 
sensation,  perception,  learning,  memory,  attention,  and  information  processing;  it  is  the  preoursor  of 
the  processes  of  problem  solving  and  deaision  Making.  Most  of  tho  understanding  which  the  controller 
brings  to  bear  to  tho  air  traffic  control  situation  before  him  at  any  given  time  depends  not  on  ohnrao- 
taristios  of  that  particular  trafflo  situation,  although  they  ore  relevant,  but  on  the  vast  body  of 
knowledge  and  exporiencs  about  air  traffic  control  and  its  methods  and  problems  which  ho  lias  uooumulated. 
This  is  ultimately  what  characterises  his  behaviour  and  separates  the  controller  from  the  non -contra  Her. 

The  controller  uses  his  understanding  when  he  postpones  certain  aotionu  hut  not  others,  whan  he 
gradually  ohangos  task  strategies  under  high  workload,  when  he  plans  in  advance,  when  he  builds  and 
maintains  hia  pioturo  of  the  air  traffio  under  his  control,  and  when  he  diraoto  his  attention.  It  is 
taken  for  granted  that  the  controller  must  understand  thu  principles  of  air  traffio  control  and  must  have 
a  considerable  knowledge  of  the  oharacte rl ut i os  of  tho  region  within  which  he  controls  traffio,  its 
geographical  airspace,  its  divisions,  its  main  vertical  structuring,  the  looution  of  reporting  points, 
of  airways,  of  danger  areas,  and  so  on.  It  is  not  taken  for  granted  that  the  man  needs  a  detailed 
understanding  of  the  hardware  aud  software  of  thn  system  in  order  to  use  it.  It  would  be  too  impractical 
and  costly  for  every  controller  to  have  the  detailed  knowledge  of  software  in  the  system  whioh  a  pro¬ 
grammer  of  that  system  needs  to  have,  even  if  it  wore  shown  to  be  desirable,  whioh  it  has  not  been. 

Uiderstanding  is  aided  if  it  can  be  referred  to  logical  and  general  principles  ol'  air  traffic 
oontrol  and  of  system  design.  It  should  not  be  necessary,  in  order  to  uiuerutand  tho  traffio  sitistion 
or  th*  procedures  to  be  followed,  to  remember  a  large  number  of  spooifio  ruler.  A  small  number  of 
general  rules  should  suffice.  Ideally,  the  logic  of  a  keyboard  layout,  for  example,  should  be  so  olear 
that  it  should  be  possible  to  perform  a  new  keying  sequence  with  it  whioh  has  never  been  performed 
before,  the  meaning  of  whioh  is  self-evident  from  the  logic  of  the  layout  and  the  sequenoes  of  keys. 

The  use  of  euch  logics  is  a  great  boon  to  understanding.  It  is  lauo  important  whioh  particular  logic  is 
adopted,  as  long  as  it  is  followed  rigorously  and  consistently  everywhere  that  it  applies,  and  on  long 
aa  tba  boundaries  within  whioh  it  applies  ere  olear. 

A  problem  whioh  has  become  severe  in  other  man  maohine  systems  and  is  showing  signs  of  appearing  in 
air  traffio  oontrol  is  the  following:  when  aids  are  provided  in  the  form  of  computations  and  recommen¬ 
dations  for  the  man  to  aot  on,  they  rely  on  information  at  a  level  of  detail  and  an  order  of  complexity 
beyond  his  abiLity  to  uaderstand,  If  he  ie  asked  to  accept  or  reject  that  computer  recommendation,  the 
information  which  he  in  his  turn  usee  tc  accept  or  rojeot  it  ie  much  less  adequate  and  comprehensive 
than  the  information  used  to  make  the  computations  and  to  arrive  initially  at  the  recoiunendation.  This 
seems  illogical.  It  also  follows  that  the  man  ie  unable  to  recalculate  and  verify  the  computed  solu¬ 
tions.  This  raises  the  problem  that  there  may  be  no  point  ie  having  olaborato  computed  solutions  whioh 
are  better  than  the  man  alone  can  oaloulate  and  whioh  are  intended  to  compensate  for  hie  own  limitations, 
unless  the<  "  implementation  is  in  eoroo  sense  mundatoiy,  since  if  the  man  is  ablo  to  override  them  his 
own  solution,  given  that  the  automated  aid  is  safe  and  efficient,  is  likely  to  be  poorer  than  the 
automated  solution  whioh  it  replaces.  There  ie  a  serious  problem  of  man  machine  relationships  here, 
and  it  arises  because  of  the  man’s  limited  understanding  of  what  is  happening.  His  limitations  may  be 
oirouraveuted  partly  if  he  understands  more  about  the  system  and  how  it  fuaiotioos,  but  in  any  spooifio 
instance  the  machine  will  always  bs  able  to  out-oaloulate  him  and  hia  understanding  therefore  is  bound 
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to  be  incomplete .  All  the  consequences  of  this,  and  the  optimim  man-machine  relationships  in  this 
contexts,  have  still  to  be  worked  out,  but  in  the  interests  of  efficient  “4  safety  the  problem  has  to 
be  faced. 

Hvob.  of  the  relevant  theoretical  work  on  understanding  las  been  confined  to  language  and  speech ^7 
or  to  social  understanding  of  the  behaviour  of  other  people  by  the  study  of  gestures  and  expressions3®. 

Less  voit  has  been  devoted  to  the  problem  of  how  well  people  understand  the  complex  jobs  which  they 

actually  do.  Xa  air  traffic  control  there  is  not  only  the  practical  problem  of  how  much  controllers  do 
understand,  but  the  further  problem  of  specifying  how  much  they  need  to  understand.  Here  a  widening 
gulf  is  appearing!  although  various  attempts  have  been  made  to  bridgo  it,  none  has  really  succeeded. 

'ihe  gulf  ia  batwoeu  the  understanding  of  the  designer  of  th*  ay  item  and  the  understanding  of  the  user. 
Neitheu  comprehends  fully  tho  problems  which  the  other  faoea.  T'he  designer  may  be  concemod  with  prob¬ 
lems  such  os  technical  feasibility  and  coats.  The  user  is  concerned  with  controlling  air  traffio,  with 
vising  his  resources?  to  the  best  advantage,  and  with  the  attitudes  of  management  toward!)  him  as  he  sees 
them.  This  ia  a  topio  ripe  for  misunderstanding,  since  neitner  has  sufficient  knowledge  of  the  other 
to  see  the  .tthur'a  point  of  view.  The  less  manual  air  traffic  control  becomes,  the  more  this  problem 
seems  to  ariBo,  and  the  greater  the  gulf  between  the  needs  of  the  designer  and  the  needs  of  the  user 

oeeraa  to  become.  This  is  not  a  problem  confined  to,  or  typioal  of,  air  traffio  control,  but  iB  ohara- 

otsristio  of  modern  roan -machine  systems  in  general.  It  does  mean  that  no  -one  has  a  dear  sight  of  all 
the  information  needed  to  resolve  it.  'dome  possiblo  solutions  such  aa  the  participation  of  controllers 
in  design  teams  or  in  the  writing  of  software,  or  praotioal  experience  for  designers  in  controlling  air 
traffio,  have  been  tried  but  not  with  sufficient  success  for  them  to  beocme  comon  praotloe.  Although 
in  thooxy  onyon’i  can  chare  his  allegiances  between  disciplines,  in  praotioe  it  ooldom  seems  to  occur. 

Many  an  air  traffic  controller  has  become  a  programmer,  or  been  appointed  to  a  responsible  managerial 
position,  to  iriuj  plLalita  of  his  fellow  controllers  who  feel  that  at  lost  someone  in  authority  will 
understand  them  and  their  problems,  and  be  able  to  express  their  point  of  viewt  but  the  same  controllers 
have  subsequently  been  disappointed  because  -hat  person  in  his  now  position  sues  all  the  other  problems 
which  the  controllers  thomseVvoo  do  not  see,  is  influenced  and  perhaps  over-inf lusnoed  by  them,  and 
from  ths  controllers*  point  cf  view  is  lost  to  them  as  a  favourable  influsnoe  and  advocate.  There 
is  also  a  further  problem  of  interdinoiplinary  duo  understanding  in  air  traffic  control.  It  arises 
between  controllers  and  maintenance  staffs.  It  may  be  necessary  in  the  future  for  eaoh  to  have  a 
greater  understanding  and  mdonow lodgement  of  tho  needs  of  tho  otheq  and  for  both  to  have  a  greater 
understanding  of  how  technical  and  financial  deoisiono  are  reached  which  influence  thoir  day-to  -day  work. 

5h  PliODLKA  SOLVING 

In  eome  reopootu,  air  traffio  control  can  be  viewed  os  a  sequence  of  problem  solving,  particularly 
in  heavy  traffic.  In  tho  pr.rt,  ndvh  manual  systems  and  relatively  low  traffic  levels,  much  effort  has 
been  devoted  to  tho  early  detection  and  solution  of  impending  problems  before  they  become  serious  and 
hazard  safety  or  load  to  inefficient  manoeuvres.  Much  air  traffio  oontrol  has  been  conducted  at  a 
tactical  ad  hoo  level.  The  trend  id  away  from  this  kind  of  air  traffic  oontrol  towards  strategio  solu¬ 
tions  to  any  problems  whioh  arise  and  towards  preplanning  rao  that  problema  are  prevented.  Tho  conoept 
of  flow  control,  by  the  careful  timing  of  initial  departures  followed  by  long  tanr,  relatively  small 
adjustments  to  an  aircraft's  route,  height  or  speed,  is  in  many  roapsotu  intended  not  only  to  improve 
efficiency  but  also  to  forestall  problems,  particularly  potential  conflicts  between  aircraft  and 
infringements  of  separation  standards  whioh,  when  they  arise  in  congested  air  spaoo,  may  be  quite 
difficult  to  solve  eafaly,  Problems  are  therefore  gradually  ahanglng  from  tactical  to  strategio  and  from 
the  solution  of  difficulties  to  f  air  prevention. 

Air  traffic  oontrol  oan  be  considered  as  a  hierarchy  of  problems,  the  solutions  to  many  of  whioh  are 
constrained  by  deoisinvu  reached  during  the  design  stages  of  tho  system.  The  kinds  of  problem  whioh  eaoh 
man  in  the  system  has  to  ao.lve  ore  therefore  determined  not  mainly  by  himself  but  by  the  position  he 
oooupino  in  the  system,  by  the  information  whioh  is  available  to  him,  and  by  tho  facilities  whioh  he 
knows  how  to  use. 

It  ia  often  hold  among  controllers  that  there  is  notneoeusarily  one  boot  solution  to  every  air 
traffio  oontrol  problem.  Individual  controllers  tend  to  have  their  own  preferred  solutions  whioh  depend 
on  different  selection*  end  weightings  of  evtdenoe  and  different  appraisals  of  the  relative  importance 
of  various  consequences.  Automated  aids  to  problem  solving  are  often  based  on  the  aeeunption  that  a 
single  optimum  solution  to  a  problem  oan  be  apeoified,  and  this  ia  one  reason  why  suoh  solutions  do 
not  always  eesm  the  best  solutions  to  tho  controller.  If  there  is  an  optimum  solution  it  may  sometimes 
ba  specified  in  mathematical  terms,  but  though  the  mathematics  may  be  faultless  the  premises  on  whioh 
the  calculations  are  baaed  can  gomstimea  be  challenged.  In  particular,  the  relative  importune*  of  the 
various  factors  nay  be  disputed^*,  and  from  time  to  time  new  faotoro  mey  be  added  which  invalidate  the 
previously  optimum  solutions,  call  for  their  revision,  end  engender  further  debat*  on  what  relative 
weighting  the  now  faotors  should  be  accorded.  Kor  example,  the  need  for  noiuo  abatement  and  for  a 
greater  awareness  of  soologioal  faotoro  means  that  the  relative  importance  of  environmental  noise  as  a 
factor  has  increased,  and  tho  optimum  solutions  to  air  traffio  oontrol  problems  may  have  to  be  modified 
to  take  aocount  of  this.  Koro  recently,  the  groat 3y  inoroaoed  coat  of  aviation  fuel  has  added  to  the 
relativo  importance  of  fuel  conservation  as  a  factor,  do  that  fuel  efficiency  carries  a  greater  weighting 
now  than  it  toed  to  have,  and  the  aptinuin  solutions  to  problems  have  to  be  modified  again  accordingly. 

It  ia  only  possible  to  speoity  an  optimuu  solution  to  a  problem  if  it  is  agreed  wluoh  factors  are  relevant 
and  what  their  relative  importance  is. 

It  is  not  yst  possible  to  approach  with  automated  aids  the  flexibility  of  tha  human  being  in  solving 
problema.  A  oantral  difficulty  is  the  matching  of  man  and  machine  in  problem  solving:  automated  aids  to 
problem  solving  may  go  *o  far  aa  to  propose  solutions,  but  the  dooision  is  ultimately  left  to  the  man  to 
accept  or  rejsot  the  automated  solution.  1118  difficulty  has  been  to  provide  tho  man  with  an  adequate 
rationale  to  fulfil  this  role  satisfactorily,  so  that  his  contribution  does  add  to  safety  and  efficiency 
rather  than  replaceo  an  automated  solution  with  a  manual  one  which  may  be  further  from  the  optimun.  A 
further  difficulty,  not  yet  resolved,  ie  that  in  rrisnual  air  traffio  oontrol  system*  problem  solving  is 
often  a  team  activity,  with  muoh  oonoultotion  between  controllers  and  sometimes  negotiation  between 
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pilots  and  controllers.  Automated  aids  tend  to  be  more  aui table  for  individuals  than  for  teams,  and 
team  functions  become  fragmented  into  individual  functions  as  more  automated  aids  are  provided  for  the 
individual  controller,  particularly  Uidor  high  won: lead  when  each  team  member  tends  to  go  his  own  way 
and  to  have  no  timo  to  follow  closely  his  colleagues' aotivitios.  Ibis  affeots  many  aspeots  of  the 
control  task,  but  may  be  particularly  important  for  problem  solving  where  the  processes  of  consultation 
and  supervision  are  no  longer  possible'?1-1. 

Problems  in  air  traffio  control  vary  greatly  in  their  time  scale.  Those  in  oceanic  control  are 
very  different  in  this  respect  from  those  which  arise  from  an  unexpected  overshoot  in  a  busy  terminal 
area.  The  value  and  desirable  forms  wf  problem  solving  aids  depend  on  the  complexity  of  the  information 
in  relation  to  the  time  available.  The  time  aoale  also  affects  the  knowledge  which  the  controller  can 
have  about  the  correctness  of  the  solution  to  a  problem  which  he  has  implemented  and  about  the  full 
extent  of  its  implications  for  the  rest  of  the  air  traflio  control  system,  ft  oan  be  difficult  to  pre- 
diot  more  than  a  few  minutes  ahead,  particularly  in  congested  airspace,  but  nevertheless  the  preferred 
solutions  oven  to  problems  which  have  arisen  very  suddenly  and  which  oust  be  solved  at  once  are  those 
whloh  take  account  of  the  traffio  aituetion  whioh  will  result  from  implementing  the  preforred  solution, 
so  that  as  far  as  possible  one  solution  does  not  trigger  a  succession  of  problems. 

Training  in  problem  solving  can  be  rather  difficult.  It  must  inolude  the  ability  to  appreciate  all 
the  consequences  of  a  proposed  solution,  icaluding  indirect  and  longer  term  ones,  and  the  ability  to 
maintain  coma  attention  to  other  aspects  of  tha  air  traffio  control  task  while  the  solution  of  a  problem 
is  being  worked  out.  It  is  difficult  to  obtain  descriptions  of  how  oontrollers  solve  problems.  One 
method  whioh  oould  be  attempted  is  to  oslc  the  controller  to  verbalise  the  problem  concurrently  or 
retrospectively,  but  there  are  aspeots  of  air  traffio  oontrol  whioh  are  essentially  spatial  and  visual 
and  whioh  do  not  lend  themselves  to  oomplete  description  in  words.  There  are  also  limits  to  the  extant 
to  whioh  the  oontroller  oan  verbalise  what  he  is  doing,  since  he  is  not  particularly  trained  to  do  eo. 
There  may  be  relatively  little  aotivity  while  a  oontroller  1b  solving  problems.  T f  he  has  to  consult 
information  whioh  he  needs,  then  that  oan  be  recorded,  hut  if  a  great  deal  of  information  iv  present, 

the  problem  is  to  determine  whioh  he  uses  and  whioh  hs  ignores.  How  is  it  possible  to  tell  the 

differeuoe  between  a  oontroller  who  detoots  a  problem,  examines  all  its  aspeots  with  oars,  and  decides 
oorreotly  that  the  optimum  solution  is  to  taka  no  notion,  and  a  oontroller  who  aleo  takes  no  notion 
because  he  has  failed  to  detect  the  problem  at  all? 

Various  teohniquas  have  been  employed  to  try  end  trace  what  tho  controller  does,  and  to  deduce  bow 
he  solves  problems,  including  work  derived  from  theorise  of  attention  and  studies  relying  on  eye  move¬ 
ment  recording.  None  of  these  can  cope  satisfactorily  with  this  example  of  tho  controller  who  mulls 
over  a  situation  and  then  decides  to  keop  attending  to  it  but  to  do  nothing  yet.  Ono  important  aupeot 
cl'  training  in  problem  solving  la  to  fins  tune  the  controller's  judgements  of  whether  there  is  a  problem 

or  not,  end  of  how  long  he  should  wait  to  find  out  whether  one  develops.  The  earlier  a  solution  to  a 

problem  oan  be  found,  parti oularly  in  terms  of  avoiding  aotion,  than  tho  loss  urgent  the  avoiding  notion 
nood  be,  and  the  smaller  the  naoesaary  manoeuvres  and  consequent  delays  become.  However,  avoiding 
notions  instituted  too  early  will  Inolude  a  proportion  whioh  wore  in  faot  unnecessary.  A  balance  has  to 
bs  found  which  represents  the  optimum  timescale  for  taking  aotion  to  solve  problemu. 

Various  theoretical  approaches  on  the  selection  of  information  and  on  the  utility  of  information 
selootod  oan  be  studied,  but  thin  can  only  be  dono  productively  if  the  criteria  are  dear  on  what  con¬ 
stitutes  maximum  efficiency  and  ideal  solutions.  At  present,  such  criteria  are  not  clear.  Thera  is  also 
some  tendency  to  teach  problem  solving  by  a  series  of  examples,  between  which  the  connections  are  vague, 
rather  than  by  a  demonstration  of  underlying  principles,  to  which  every  Bpooifio  problem  oan  be  referred. 
Perhaps  the  aim  should  be  to  try  to  derive  a  kind  of  mental  checklist  of  all  the  factors  whioh  oan  be 
relevant  in  solving  an  air  traffio  contiol  problem,  and  to  train  the  controller  to  make  the  optimum 
selection  of  factors  from  this  list  whioh  apply  in  each  individual  case. 

51  UhCIdlON  MAKING 

Much  recent  poyohologioal  work  on  deoision  making  has  been  concerned  oithor  with  tho  processes  of 
managerial  deoision  making  and  with  their  optimisation  in  accordance  with  known  human  capabilities  an d 
limitations?'),  or  with  laboratory  studies  of  quantifiable  decisions,  usually  involving  mathematically  de¬ 
fined  optima  and  stochastic  processes?®.  It  might  bs  hypothesised  from  stuUss  of  ths  latter  type  that  con¬ 
trollers  would  over-emphasise  accessible  information  and  uider-emphaoise  information  whioh  is  obscure  or 
diffioult  to  obtain,  but  this  has  not  been  confirmed  in  air  traffio  oontrol  contexts.  It  might  likewise 
hs  hypothesised  that  in  taking  decisions  controllers  would  attend  to  what  is  familiar  rather  than  to  ths 
unfamiliar,  perhaps  to  the  extent  of  tending  to  discard  tho  latter  altogether,  but  again  confirming 
evidence  from  air  traffic  control  itself  does  not  exist.  Controllers  have  a  long  training  which  is 
bound  to  influence  the  means  by  which  they  reach  decisions,  and  indeod  is  intended  to  do  so.  This  may 
bo  advantageous  for  thair  decision  making  if  training  is  oorreotly  tailored  to  their  needs  but  it 
oarrios  the  danger  of  imposing  inflexible  thought  processes  whioh  oan  lead  to  stereotyped  decision 
making.  While  appropriate  training  may  encourage  ths  oontroller  to  look  at  each  problem  afresh,  and  not 
to  assume  that  tho  solutions  which  have  succeeded  in  the  past  need  necessarily  still  be  aost  apposite, 
training  does  not  000m  to  have  been  particularly  successful  in  ensuring  that  the  oontroller  not  only 
looks  carefully  at  the  evidence  whioh  bolsters  a  deoision  he  has  already  taken  but  looks  equally  care¬ 
fully  et  avidar.ee  whioh  urdermines  it  or  suggests  that  it  should  be  revised.  In  air  traffic  control  as 
elsewhere,  poople  needs  a  lot  of  ovidence  before  they  can  admit  that  they  might  be  wrong. 

Although  somo  of  the  basio  findings  about  ths  way  human  beings  reach  decisions  must  be  applicable 
to  controllers  who  work  within  typical  human  constraints,  not  much  of  tho  experimental  work  on  deoioion 
making  has  bean  very  helpful  to  air  traffio  control,  with  two  main  exceptions,  foe  concerns  the  exami¬ 
nation  of  deoision  aids  in  command  and  control  aysteosW,  and  tho  other  concerns  the  series  of  French 
Btudieo  on  tho  relevance  of  cofpiitivo  theories,  such  as  signal  detaction  theory,  to  the  kind  of  decisions 
whioh  tha  air  traffio  controller  makas?4. 
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tun  is  slow  and  Inefficient  if  ha  has  to  weigh  optimally  numerous  independent  eouroes  of  information 
in  order  to  reach  a  decision,  particularly  whan  he  must  gradually  accumulate  information  and  derive 
probabilities  from  it.  A  praotioal  consequence  may  be  a  preference  for  oherished  taotioe  or  eolutions 
which  the  individual  becomes  well  known  for  adopting.  Such  rigidness  is  unlikely  to  produce  optimus 
decisions  oonsiotantly.  Subjective  and  mathematical  randomness  differ,  The  man  tends  to  impute  causal 
connections  whore  none  exist,  to  squats  randomness  with  lack  of  repetition  or  pattern,  and  to  preeume 
that  an  event  must  be  duo  to  ooour  soon  because  it  has  not  ocourred  for  a  long  time, 

Mora  knowledge  about  the  controller's  deoiaion  making  can  perhaps  be  gleaned  from  studying  the  for¬ 
mation  of  his  picture  of  the  traffio,  his  frame  of  reference,  the  role  of  his  memory,  and  in  particular 
the  time  scale  within  whioh  decisions  are  reached.  fide  last  point  should  bo  a  main  determinant  of  ths 
information  dapioted  on  displays,  its  layout,  ita  coding  and  its  lsvsl  of  detail.  Display  contents  have 
a  profound  influence  on  the  daoisions  whioh  con  ba  taken  using  ths  information  on  them. 

A  further  pertinent  human  ohsraoteristio  whioh  affeots  decision  making  is  the  formation  of  habits. 

Ths  standardisation  of  instructions,  training  in  air  traffio  control  procedures,  the  uniformity  of  equip¬ 
ment,  and  the  implementation  of  standard  srgonomio  recommendations  in  workspace  design,  all  fostar  the 
formation  and  reinforcement  of  habits,  although  their  objectives  arc  seldom  expreseed  in  such  terms. 
Ueoauso  of  habits,  the  operator  oan  occupy  another  position  similar  to  his  normal  one  if  ths  latter 
beoomeu  unserviceable,  and  perform  his  tasks  efficiently  there.  His  training  transfers  at  the  brood 
level  beoause  the  faoilitias  and  ooumunioationa  are  similar,  and  at  the  epeoifio  level  became  eaoh 
specific  control  is  so  similar  to  its  counterpart  that  habits  of  utage  acquired  at  one  position  transfer 
completely  to  ths  other.  A  reason  for  the  general  reluotanor  among  controllers  to  aooopt  any  change 
which  is  apparently  made  solely  for  ths  sake  of  change  is  that,  if  ths  change  is  major,  habits  may  not 
transfer  and  new  habits  may  have  to  be  painstakingly  acquired. 

Real  life  air  traffio  oontrol  decisions  are  about  the  control  of  particular  aircraft,  tha  maintenance 
of  smooth  flows  of  traffio,  the  avoidance  of  ooaflict  situations,  ths  ooonomio  and  officiant  solution  of 
problems,  and  so  on.  The  oontroller  also  makos  daoisions  about  the  allocation  of  hie  own  resources.  lie 
decides  what  problems  to  deal  with,  how  to  allocate  hie  attention,  whan  to  not,  and  when  to  take  the 
initiative.  He  decides  how  far  to  trust  the  information  presented  to  him  and  its  probable  quality.  The 
manner  in  whioh  ha  reaches  daoisions  may  determine  the  extent  to  whioh  he  is  fully  in  oontrol,  planning 
ahead  and  avoiding  problems,  or  is  responding  aaolusivsly  to  the  demands  of  the  system,  ao  that  hia  teak 
booomas  the  solution  of  a  ssquanoe  of  problems  some  of  whioh  msy  originate  from  his  own  incorrect 
decisions  about  tha  allocation  of  his  rssouross, 

A  further  influence  on  the  controller's  decisions  is  his  knowledge  of  the  altemativsa  available. 

In  ths  simplest  ossa,  if  there  only  seems  to  be  one  solution  to  a  problem  decision  making  beoomea  assy. 

If  there  are  two  solutions,  deoiaion  making  may  still  not  be  complicated.  Tha  more  solutions  that  oan  be 
seen,  tha  more  complex  the  decision  making  prooesa  beoomss.  This  suggests  that  decision  making  nay 
become  more  complex  aa  experience  and  skill  are  developed  and  a  greater  insight  is  gained  into  tasks  and 
system  functioning.  A  further  product  of  his  experience  and  skill  la  his  appreciation  that  there  are 
more  factors  to  take  into  consideration  in  decision  making  than  were  initially  apparent.  A  further  rele¬ 
vant  relationship  is  that  between  decision  making  sad  expectancies .  Air  traffio  oontrol  decisions  are 
influenced  by  expeotanoiee  based  on  the  past  behaviour  of  air  traffio  and  on  assumptions  that  traffio 
will  obey  tha  controller's  Instructions  and  not  behave  unnxpeotadly.  Tha  importance  of  expeatanoiea  is 
sometimes  revealed  inadvertently  in  simulation  studies  in  whioh  apparently  minor  differences  between 
simulated  and  real  life  conditions  receive  great  emphasis  beoause  the  expeotancios  from  real  life  are  not 
quite  in  aooord  with  the  simulated  conditions. 

Generally  in  air  traffio  control  ths  oontroller  has  knowledge  of  results  in  that  he  knows  tbs  oonae- 
quenceo  of  hie  decision*  within  a  short  time.  Unforeseen  consequences  of  his  deoislono  may  also  become 
apparent  soon  enough  for  him  to  see  the  relationship  between  them  and  ths  deoiaion  whioh  produced  them. 

The  bjiKio  conditions  for  learning  and  improvement  are  then  present.  Knowledge  taken  into  aooomt  in 
teaching  daoisions,  and  knowledge  of  tha  oonsequanoas  of  decisions,  combine  to  provide  n  basis  for 
reviewing  oubasquent  additional  evidenoe,  for  determining  whether  it  is  new  end  relevant,  and  henoe  for 
judging  whether  the  decision  should  be  re-examined,  A  problem  which  arises  whan  automated  aids  are 
introduced  into  deoiaion  making  is  that  it  becomes  Isua  dear  what  constitutes  new  evidence. 

Deoiaion  making  is  s  fwotion  often  ooueldered  as  ripe  for  automted  assistance,  from  the  point  of 
view  of  the  oontroller,  decision  making  aids  rimy  be  a  misnomer  as  the  functions  they  introduce  can  bn 
milks  the  decisions  whioh  he  used  to  take.  Even  in  a  mauual  system,  the  oontroller  has  an  incomplete 
mdarstanding  of  all  the  implications  and  oonsequenoes  of  his  daoisions,  end  of  the  penalties  that  could 
be  incurred  by  wrong  decisions,  since  their  ramifications  extend  to  system  fvnotionu  that  ha  has  no 
knowledge  of.  he  has  less  understanding  however  when  automated  aids  to  decision  making  are  employed,  to 
the  extent  that  hia  capacity  for  effective  Intervention  may  be  seriously  undermined.  In  system  effic¬ 
iency  terms,  it  may  be  better  either  to  remove  deoiaion  tanking  fucotions  from  the  man  altogether  or  to 
aooept  that  ths  aidu  needed  for  such  functions  may  be  of  a  very  different  kind  from  those  provided  now. 

There  is  a  tendency,  not  warranted  by  our rent  knowledge,  to  presume  that  man's  decisions  are 
rational  and  that  his  subjeotive  notions  about  optimum  douisiona  are  therefore  realistic.  There  is  the 
further  tendency  to  presume  that  there  must  in  optimum  deoiaion.  In  air  traffio  control,  this  msy  not  be 
so.  Several  solutions  to  a  problem  uiy  ba  passible,  all  with  approximately  equal  consequences  in  terms 
of  effioieucy,  safety  and  economy,  and  all  giving  different  weightings  to  various  factors.  As  long  as 
there  are  arguments  about  tha  optimum  weighting  of  these  various  factors  and  insufficient  objective 
evidenoe  to  support  a  firm  conclusion,  there  oan  be  no  adequate  rationale  for  making  an  arbitrary  deoi¬ 
aion  or  imposing  a  particular  problem  solution  which  the  evidenoe  cannot  support. 

As  he  acquiree  experience,  tha  controller  gradually  loams  from  hie  mistakes  and  wrong  decisions: 
these  processes  of  gradual  learning  and  the  correction  of  mistakes  have  not  been  thoroughly  studied  in 
air  traffic  oontrol  contorts  in  any  way  whioh  oan  lead  to  further  optimisation  oi  decision  tasking.  Where 
mistakes  can  be  identified,  as  in  aocowtB  of  incidents  where  separations  have  been  infringed  or  air 
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misses  have  boon  reported,  the  outstanding  impression  is  that  such  incidents  have  very  little  in  common 
and  that  there  is  no  single  kind  of  decision  whioh  can  bo  identified  as  intrinsically  unsafe  and  there¬ 
fore  as  a  profitable  subjsot  for  further  training  and  learning.  Rather  it  seems  that  the  errors  whioh 
preoipitate  inoidsnts  arc  representative  of  all  errors,  the  vast  majority  of  whioh  do  not  lead  to 
inoidenta .  The  onuses  of  each  incident  seem  to  lie  in  the  particular  environmental  conditions  prevailing 
at  the  time  rather  than  in  the  nature  of  any  errors  that  were  made. 

5j  MOTIVATION 

There  is  a  curious  diohotany  in  psychological  work  on  motivation.  Much  applied  work  has  paid  pro¬ 
gressively  more  attention  to  it  as  a  factor  relevant  to  real  life  jobs,  and  thie  interest  has  spawned 
many  theories  based  on  avidenoo  from  operational  contexts,  although  the  proliferation  of  theoriee  suggests 
that  none  is  likely  to  prove  adequate  for  all  avidenoo  and  all  jobsV5. 

dy  oontrast,  interest  in  motivation  as  a  faotor  in  cognitive  lunations  studied  in  the  laboratory 
ueeme  to  have  waned.  Some  cognitive  theories  pay  no  heed  to  it;  others  borrow  oonoopta  such  as  needs 
or  satlsfiars  from  the  applied  work,  or  euhsune  motivation  aider  s  broader  heading  such  as  knowledge  of 
results  or  feedback.  To  the  man  performing  tasks,  motivation  seems  important.  Evidence  on  how  important 
it  is  in  terms  of  efficiency,  errors  and  safety  is  much  more  equivocal.  It  is  diffioult  to  manipulate 
motivation  aa  an  independent  variable  untrammelled  by  other  influences.  Help  in  understanding  motivation 
in  air  traffic  control  from  basio  laboratory  studies  therefore  seems  limited.  This  seems  a  pity*  as  a 
concept  it  is  oomplex‘16,  and  it  saoms  of  praotioal  importance  to  know  more  than  wo  know  now  about  its 
affects  on  the  efficiency  of  air  traffic  control  in  general  and  on  safety  in  partioular. 

People  who  can  oontrol  thair  own  workload  often  make  themselves  busy  deliberately.  Congenial  work 
can  have  intrinsically  satisfying  properties,  so  that  noxe  continue  to  work  voluntarily  at  their  job 
during  nominally  leisure  hours  if  there  aro  no  external  constraints  on  doing  so.  Even  within  the  labora¬ 
tory  it  is  apparent  that  tasks  vary  greatly  in  the  quality  whioh  they  possess  to  motivato  the  subjeot  to 
do  them  well  and  to  try  hard.  Some  demand  and  rcuaivo  his  full  commitment  and  he  may  bo  reluctant  to 
stop  doing  them.  Others  seem  so  inherently  unappealing  that  his  full  collaboration  o on  never  bo  enlis¬ 
ted.  Insufficient  is  known  at  present  about  the  properties  cf  tasks  whioh  provide  strong  motivation  to 
perform  them  well.  Confident  predictions  cannot  therefore  ba  mado  about  how  motivating  a  partioular 
took  will  prove  to  be.  It  is  generally  Assumed  that  motivation  has  a  cause,  in  the  sense  that  a  rational 
explanation  of  it  is  possible  if  only  it  could  be  found.  It  is  aluo  assumed  that  motivation  is  central 
to  performance.  However,  the  driving  force  behind  many  tasks  may  come  largely  from  tho  satisfaction  of 
performing  the  took  itoolf.  It  is  surmised  that  it  is  a  good  idea  to  try  end  onauro  that  people  at  work 
ore  highly  motivated.  Here,  humanitarian  end  moral  notions  may  beoomo  enmeshed  with  ideas  of  productivity 
and  cost  effectiveness.  In  many  contextc  the  man  who  is  happy  in  his  work  apparently  performs  hi  u  tasks 
no  better  than  one  who  is  not.  It  may  not  be  true  that  tho  loan  who  is  highly  motivated  in  hie  work 
parforms  his  task  better  than  one  who  is  not.  Supporting  evidence  for  ouch  a  contention  is  surprisingly 
sparse. 

The  study  of  motivation  must  therefore  start  with  the  question  of  why  it  is  being  sought.  It  oen 
then  progress  to  entablisMng  what  is  affected  by  change u  in  motivation.  Prom  euoh  knowledge,  a  roalistia 
appraisal  oen  bo  mode  of  what  attempts  to  Improve  motivation  aro  likely  to  achieve.  Perhaps  the  main 
effects  of  good  motivation  aro  in  terms  of  low  staff  turnover,  high  morale,  willing  collaboration  with 
new  ideas,  tolerenoe  of  administrative  or  managerial  sutbaako,  end  factors  of  that  kind,  rather  then 
diraot  improvements  in  efficiency  or  safety.  On  the  other  hand,  motivation  may  be  tho  key  to  efficiency 
and  safety.  The  fact  rsmainu  that  we  do  not  yst  know. 

5k  COMMON  MISMATCHES  OP  SYSTEM  REQUIREMENT  WITH  HUMAN  CAPABILITIES 

Beaiwers  of  air  traffic  oontrol  systems ,  facilities  and  workspaces  do  not  normally  have  a  compre¬ 
hensive  knowledge  about  human  capabilities  and  limitations,  whioh  ore  outside  their  terms  cf  referonoo. 

Tho  simplest  miamatuhes,  and  those  which  can  be  tho  most  readily  resolved,  refer  to  workspaces.  Examples 
are  working  positions  at  whioh  the  controller  cannot  sit  oorofortably,  controls  ouoh  os  keyboards  whioh 
are  wrongly  placed,  displays  at  an  inoorroot  angle  or  distance  for  viowing,  with  informaviou  whioh  is 
inadequate  in  brightness  or  oontrast,  and  with  excessive  glares  or  reflections.  Most  human  engineering 
handbooks  contain  sufficient  information  for  those  problems  to  bo  detected  and  prevented  at  tho  design 
stage,  and  to  be  outrod  in  operational  settings,  given  adequate  financial,  technical  and  human  factors 
resourooa.  It  iB  relatively  easy  to  onsure  for  a  given  specified  physical  environment  with  known  minimum 
standards  of  eyesight  and  hearing  for  operators  that  information  is  presented  far  enough  ubovo  the  visual, 
and  auditoiy  throoholds  to  be  easily  uead  or  heard.  Most  oomraon  sources  of  visual  or  auditory  errors  aro 
now  known,  and  mismatches  resulting  from  them  can  therefore  be  avoided.  Nevertheless  there  is  a  general 
failure  to  rooogniee  human  limitations  in  higher  mental  f motions,  and  this  is  the  souroe  of  many 
intractable  miamatoheu  between  man  and  machine. 

It  is  ooirmon  to  present  information  at  tho  wrong  levol  of  detail.  Either  it  io  too  simple,  and  the 
man  lias  to  resort  to  oxsnbersoroe  procedures  to  call  down  other  information  which  he  must  have,  or  it  is 
too  complex,  and  involves  him  in  time  wasting  search  aotivity  and  in  errors  and  misunderstandings  when 
oollating  information  from  different  sources.  A  irthor  souroe  of  mismatches  is  a  failure  to  impose  a 
coherent  logioal  order,  both  on  the  information  employed  or  available  for  display,  and  on  tho  control 
facilities  and  their  layout  and  sequence  of  use.  Control  display  relationships  also  need  to  be  matched. 
Tho  displays  themselves  ran  be  used,  although  often  they  are  not,  to  give  reudndera  and  to  aid  too  chins . 

It  is  common  to  misjudge  the  rate  at  whioh  man  can  proceus  information  or  collate  information  from 
disparate  sources .  Information  may  not  be  presented  in  a  form  which  is  readily  wderstood  or  compatible 
with  the  fun's  thought  processes  and  mental  images.  Commonsense  would  suggest  that  it  should  be  so 
presented,  although  proof  of  this  is  lacking.  Hitherto  displays  have  been  evaluated  primarily  as  means 
of  conveying  information  needed  for  the  performance  of  tasks.  In  the  future,  displays  muat  oontimm  to 
fulfil  this  f\siction  but  must  also  satisfy  other  needs,  suoh  as  memory  aids,  prediotore  and  indicators  of 
huuon  error.  Mismatches  now  occur  because  displays  do  not  meet  these  further  needs  very  well;  sometimes 
the  needs  have  soar  go  ly  been  reoo&iised. 


45 


Displays  also  lack;  qualitative  information.  Sometimes  accuracy  is  equated  with  clear  portrayal, 
and  it  !□  presumed  that  information  whiob  appears  on  a  display  of  good  teohnioal  quality  miijit  itself  be 
of  good  teohnioal  quality.  This  need  not  ba  so.  Many  ourrent  and  projected  air  traffic  control  dis¬ 
plays  give  no  indication  of  the  aoouracy  of  the  information  on  them,  of  the  extent  to  whieh  it  ehould  be 
trusted,  or  of  what  a  display  failure  would  look  like.  A  current  mismatoh  is  the  absence  of  information 
about  how  the  system  oan  fail  and  how  a  failure  can  be  circumvented. 

Displays  which  present  a  full  representation  of  the  task  whioh  the  man  is  doing  may  lead  him  to 
attempt  to  do  ths  task  according  to  the  representation  alone  rather  than  according  to  what  it  actually 
represents:  for  example,  he  may  keep  blips  or  labels  on  a  display  apart  rather  than  aircraft  in  the  sky 
separated.  His  mental  pioture  may  not  be  of  aircraft  at  all.  This  kind  of  oonsequence  for  the  man  of 
changes  in  Information  portrayal  undertaken  for  other  reaeono  is  not  always  appreciated:  its  effects 
remain  largely  unknown  in  terms  of  safety  and  the  provision  of  a  good  air  traffio  control  service.  The 
controller  himself  oan  become  somewhat  uneasy  as  more  and  more  equipment  seems  to  intervene  between  him 
and  the  aircraft  for  whioh  lie  is  responsible. 

There  is  some  ourrent  concern  with  the  effects  of  the  system  on  the  man  and  with  the  kindB  of  mis¬ 
match  which  oan  tuke  that  form.  Symptoms  of  stress  in  ths  men  oan  bo  construed  in  this  way  and  often 
have  been.  It  is  contended  that  the  responsibilities  which  the  controller  carrioa,  and  the  oiroumstoncos 
under  whioh  he  has  to  work  can,  particularly  if  aesooiated  with  overloading,  lead  to  occupational  health 
problems  and  long-term  impairment  of  well-being.  Evidence  on  this  point  varies  from  oouitry  to  country, 
but  is  never  strong1/? .  Concentration  on  the  problem  of  stress  has  perhaps  uifortmatoly  overshadowed 
greater  long-term  problems.  The  trends  of  giving  the  man  lees  to  do  and  of  using  automation  more  in  air 
traffio  oontrol  will  gradually  remove  overloading,  or  may  do  so  os  a  form  of  stress,  at  the  cost  of 
aggravating  the  problem  of  boredom9“.  In  many  practical  contexts,  underloading  is  as  serious  a  problem 
as  overloading,  but  doss  not  attract  as  much  attention.  Many  air  traffio  oontrol  facilities  have  to  bo 
manned  for  long  hours  when  there  is  little  or  no  work  to  do.  Aircraft  aooidonts  and  incidents  aro  not 
associated  exclusively  with  overloading,  and  underloading  is  no  guarantee  of  safety.  There  may  b «  an 
optimum  loading  in  terms  of  offioioncy  and  safety,  or  there  may  not  bo  a  single  optimum  in  the  sense  that 
the  desirable  stats  is  to  require  the  nor.  to  continue  gradually  to  loam  and  to  adapt  without  aver  seri¬ 
ously  overloading  him.  'Bio  optimum  is  then  dynamic  and  changing.  This  kind  of  mutohing  between  man  and 
machine,  and  particularly  the  nood  to  help  the  Machine  to  ba  more  adaptive  to  the  man,  has  not  yet  boon 
seriously  studied  but  offers  promise  for  the  future. 

A  further  source  of  niiumatolies  in  the  post  has  been  the  natural  tendency  to  automats  what  could  be 
automated  and  to  leave  manual  what  hod  to  bs  left.  As  a  result  manual  functions  were  not  allocated  to 
tho  mau  beoauss  he  was  good  at  doing  them  but  because  a  machine  could  not  do  them  at  all  or  could  not  do 
them  wall.  Nevarthe less  he  was  expected  to  do  them.  A  further  extension  of  mismatching  concerns  tho 
fact  that  functions  like  deaicion  making  and  problem  solving  change  a  great  deal  when  automated  though 
nominally  they  muy  remain  unchanged.  Aida  to  flow  sequencing,  to  conflict  resolution,  and  to  other 
functions  may  take  tho  form  of  a  computed  solution  whioh  the  man  has  to  aooept  or  rejoot,  witli  an  incom¬ 
plete  understanding  of  tho  basis  of  tho  computation.  11118  is  not  like  the  human  decision  making  whioh  it 
has  roplaoed.  A  mismatch  ooouru  if  the  machine  solvesthe  problem,  and  the  mar.  (loot;  not  understand  tho 
solution  but  retains  the  responsibility  for  its  safety. 

Kan  ia  a  poor  monitor  compared  with  most  maahines.  Ho  is  not  particularly  good  at  marshalling  and 
manipulating  resources,  although  this  sort  of  managerial  and  supervisory  role  ic  seen  as  his  in  future 
air  traffio  control  systems.  Certainly  it  seams  to  require  a  fuller  understanding  of  the  detailed 
capabilities  of  the  resources  ut  his  command  than  ourrent  proposals  envisage  he  wili  possess.  Efforts 
are  persistently  made  to  onsure  continuous  attention  even  when  there  is  nothing  to  attend  to.  The  main- 
tonanco  of  continuous  attention  seems  to  have  become  an  end  in  itself  and  there  ia  a  reluctance  to 
concede  that  it  is  unattainable,  'Bio  safety  and  efficiency  of  the  system  may  prosume  that  attention  oan 
be  maintained  when  the  practical  point  is  that  tho  system  must  remain  oafs  even  when  attention  is  not 
maintained.  Thio  is  a  very  serious  mismatching  batweon  system  and  human  capabilities.  Traditionally  the 
strengths  of  man  inolude  his  ability  to  innovate  and  be  flexible.  The  wherewithal  to  onable  him  to  bo 
flexible  in  a  progressively  mere  automated  system  is  diffiouit  to  provide .  If  he  cannot  in  foot  be 
flexible,  either  there  is  nc  sensible  role  left  far  him  or  means  to  be  innovative  must  be  restored. 

A  further  source  of  miematohos  concerns  the  fact  that  air  traffio  control  is  a  team  activity.  Forms 
of  computer  assistance  suitable  for  teams  rather  than  individual  oontrollovs  aro  slow  to  appear.  The 
tendency  is  for  each  man  to  become  more  autonomous.  This  has  numerous  implications  for  job  interest, 
satisfaction,  the  development  of  professional  norms  and  standards,  and  collaborative  effort.  It  is 
notioeable  already  that  in  evaluations  of  doaigns  for  future  systems  toam  work  somstimos  breaks  down  os 
the  system  becomes  progressively  more  loaded,  so  that  tasks  whioh  are  done  collaboratively  by  a  team  under 
light  or  medium  traffio  loading  tend  to  become  fragmented  into  individual  tool's  under  heavy  loading,  and 
each  individual  toam  member  becomes  too  busy  with  his  own  tasks  to  keep  his  knowledge  of  his  colleagues' 
aotivitiau  uj>-to-date99,  The  toam  no  longor  functions  satiofaotori  ly  os  such:  automated  aids  tond  to 
promote  this  effect  whether  it  ia  planned  for  or  not. 

There  is  a  tendency  sometimes  to  make  human  fmotions  too  easy.  This  takes  insufficient  account  of 
the  needs  for  man  to  develop  and  use  skills.  A  further  problem  is  the  importance  of  the  controller's 
attitudes,  preferences  and  prejudices  in  his  willingness  to  uso  the  equipment  with  whioh  ha  is  provided 
and  to  gain  an  understanding  of  how  to  uso  it  to  best  advantage.  Comparatively  little  is  known  about  the 
attributes  of  equipment  and  workspaces  whioh  engender  favourable  attitudes  towards  them.  Considering  the 
amount  of  effort  whioh  goes  into  marketing  commercial  products,  astonishingly  little  effort  has  gone  into 
marketing  innovations  in  air  traffic  control. 

In  prinoiple,  automation  helps  tho  controller  to  perform  his  tasks  and  can  reduce  routine,  although 
in  praotioe  it  may  increase  routine.  It  can  provide  assistance  to  make  predictions,  to  solve  problems, 
and  to  reaoh  decisions  but  this  assistance  may  aotually  take  the  form  of  predictions  made,  problems 
solved  and  decisions  token.  It  can  inorease  the  data  handling  capacity  of  the  system  but  is  much  less 
successful  at  improving  the  information  processing  capaoity  of  tho  man.  It  can  extend  the  available 
time  scale  so  that  air  traffic  oontrol  becomes  strategic  rather  than  tactical  but  this  advantage  may  be 
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negat'.d  if  there  is  no  dear  indication  of  the  reduction  in  the  reliability  of  information  an  its  time 
scale  inoraases. 

In  thoory  at  least  automation  can  allow  greater  control  over  workload  so  that  the  man  oould  resort 
to  manual  methods  when  lightly  loaded  and  have  genuine  computer  assistance  when  heavily  loaded.  His 
ability  to  make  use  of  such  a  tool  la  not  known  and  it  does  lend  itslef  to  misuse.  He  might  have  to  learn 
how  to  use  it  to  best  advantage  and  not  to  reserve  for  himaelf  all  the  problems  whioh  ho  found  interesting. 
In  principle  automation  can  probably  reduce  stress  as  a  source  of  mismatches,  but  this  benefit  might  not 
materialise  in  praotioe.  The  complexity  of  potential  mismatohos  between  man  and  machine  in  air  traffio 
control  ia  often  underestimated.  A  full  understanding  of  the  needs  of  air  traffio  control,  of  the 
desirable  operational  standards,  of  human  limitations  and  abilities,  and  of  the  full  implications  for  the 
man  of  equipment  provided  and  equipment  changes  proposed,  needs  to  be  gained  before  automated  aids  can  be 
provided  without  mismatches.  The  sources  of  mismatches  between  man  and  maohina  have  often  inadvertently 
been  ohosen  when  the  oquipment  and  facilities  hr  -e  been  seleoted.  In  relating  to  a  maohina,  man  can  find 
it  hard  to  accept  that  a  machine  does  not  forge l,  a  machine  does  not  understand  but  abides  by  the  ruleB, 
and  a  machine  knows  absolutely  nothing  at  all  about  what  it  does  not  know. 
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CHAPTER  6 

JOBS  AND  TASKS  IN  AIR  TRAFFIC  CONTROL 
6a  THE  DESCRIPTION  AND  ALLOCATION  OF  JOBS 

Although  tlia  distinctions  drawn  between  jobs  and  tasks  are  not  always  consistent  in  the  literature, 
in  general  a  job  is  a  much  broader  and  comprehensive  concept.  The  typical  job  consists  of  many  tasks. 

It  is  necessary,  in  describing  jobs  in  air  traffic  control  and  relating  them  to  selection  and  training 
requirements,  to  examino  both  the  common  characteristics  of  various  jobs  and.  the  ways  in  which  they 
differ.  The  description  of  each  job  therefore  has  to  be  sufficisntly  detailed  to  enable  this  to  be  done. 
Job  descriptions  show  how  jobs  change  as  systems  evolve.  Some  changes  are  progressive;  an  example  is 
the  information  presented  on  air  traffic  control  radar  displays  and  its  method  of  depiction  which  have 
evolved  with  technological  progress.  Other  changes  are  sudden;  an  example  o.onoema  the  contemplated 
removal  of  the  traditional  jobs  of  the  supervisor  and  the  assistant  in  air  traffic  control  with  drastic 
recasting  of  the  divisions  of  responsibility  am1  )g  the  remaining  controllers. 

The  compilation  of  a  job  description  is  a  skilled  activity  which  requires  a  comprehensive  knowledge 
of  human  factors  and  an  understanding  of  the  job.  It  is  essentially  therefore  a  collaborative  venture. 
Although  the  human  factors  specialist  can  draft  the  job  desoription,  he  must  verify  it,  or  aopocts  of  it, 
with  controllers,  with  those  concerned  with  selection  and  training,  and  in  the  case  of  future  rather  than 
current  jobs  with  system  designers  and  planners.  A  job  desoription  should  not  be  compiled  by  controllers 
alone  for  it  requires  human  faotors  knowledge  they  rre  unlikely  to  posscbb.  A  hallmark  of  a  good  airtraffio 
control  job  description  is  that  it  is  couched  in  a  broadly  similar  framework  to  descriptions  of  jobs  out  ¬ 
side  air  traffic  control,  with  comparable  terms  and  concepts  and  an  equivalent  level  of  detail.  This 
allows  characteristics  of  air  traffic  control  jobs  which  are  unique  to  air  traffio  control  to  be  distin¬ 
guished  from  those  will  oh  reour  in  comparable  jobs  in  other  large  man-machine  systems.  Such  information 
can  provide  a  useful  perspective  for  air  traffio  control  selection,  training  and  job  design,  but  this 
would  ba  lost  if  job  descriptions  were  too  paroohial, 

A  job  desoription  covers  every  task  whioh  forms  part  of  the  job,  but  doe 3  not  analyse  any  task  in 
fine  detail.  It  indioates  the  relative  importance  and  prevalence  of  various  tasks.  It  includes  the 
responsibilities  of  the  man,  the  initiatives  he  has  to  take,  the  extent  to  whioh  he  is  autonomous,  his 
relationships  to  others  if  he  is  a  member  of  a  team,  and  required  facilities,  skills  and  attributes.  A 
job  description  should  be  expressed  ir.  relatively  non-technioal  language,  since  it  must  esohew  jargon 
whioh  would  be  incomprehensible  to  others.  Although  in  air  traffio  control  it  is  possible  to  describe 
eaoh  job  exclusively  in  air  traffic  control  terms,  this  limits  the  usefulness  of  the  job  description  and 
it  has  greater  significance  and  value  if  it  is  expressed,  in  other  concepts,  usually  man-maohino  system 
terms,  or  psychological  terms,  or  both.  The  specification  of  every  action  by  the  man  is  a  matter  for 
task  analysis  rather  than  job  desoription. 

The  notion  of  a  job  carries  different  implications  in  different  contexts  and  there  are  therefore 
ambiguities  associated  with  it.  In  some  contexts,  such  as  job  satisfaction,  the  meaning  of  the  concept 
approximates  to  the  total  work  that  one  man  does,  treated  os  a  whole  and  personal  to  him,  so  that  hiB 
attitudes  towards  it  can  be  measured.  In  othor  contexts,  a  job  may  refer  to  a  group  of  work  positions 
within  ono  organisation,  so  that  many  people  may  be  employed  in  the  some  job  but  not  people  in  different 
organisations  1 00.  In  still  other  contexts,  a  job  does  not  have  the  continuity  implied  by  tho  above 
notions  of  it,  but  is  a  coherent  structured  set  of  aotivitisrj  with  ?.  definable  product  or  objective, 
with  a  definite  beginning  and  end,  so  that  an  individual,  Bingly  or  as  a  team  member,  can  complete  one 
job  and  start  another. 

A  thorough  job  description  should  deteot  some  differences  among  jobs  which  are  normally  treatod  as 
equivalent.  A  successful  job  description  should  ensure  that  eaoh  job  which  has  a  aistinot  nanus  or 
title  can  be  differentiated  clearly  from  every  other  job  not  so  named.  This  sounds  straightforward  but 
is  not:  it  implies  that  the  job  description  can  reveal  exaotly  what  jobs  performed  in  different  loca¬ 
tions  but  with  the  a  tuna  title  have  in  common.  The  seleotion,  training  and  allocution  of  controllers 
to  jobs  may  depend  primarily  on  the  location  of  the  jobB  if  this  is  the  source  of  greatest  commonality 
in  the  job  descriptions,  or  on  tho  title  of  the  job  if  the  job  is  thought  to  be  substantially  the  same 
wherever  it  is  done.  Hie  difference  is  between  job  descriptions  of  terminal  area  controllers  at,  for 
example,  Kennedy,  Heatiirow  or  Frankfurt,  where  the  job  is  described  primarily  by  location,  and  the 
job  descriptions  of  controllers  as  sector  supervisors,  oceanio  controllers,  or  area  radar  instructors, 
for  example,  where  jobs  are  classified  by  the  nature  of  their  responsibilities  rather  than  by  where 
they  are  done. 

■Job  descriptions  provide  a  logic  for  categorising  air  traffio  control  jobs  by  showing  what  they  have 
in  common  and  how  thoy  differ.  Job  categorisation  is  complex  -  a  terminal  area  controller  in  a  remote 
tower  with  few  aids  end  little  traffio  has  a  veiy  different  job  from  his  colleague,  who  uses  irony  faci¬ 
lities  to  deal  with  dense  and  varied  traffio  near  a  busy  international  airport ,  but  is  also  called  a 
terminal  area  controller.  Job  descriptions  bring  out  these  differences  and  similarities  whioh  are  used 
both  to  categorise  jobs  and  to  select,  train  and  allocate  controllers  to  jobs. 

Job  descriptions  must  be  objective  and  impartial.  The  process  of  obtaining  them  must  be  as  passive 
as  possible  and  in  no  w;iy  interfere  with  or  influence  the  conduct  of  the  jobs  themselves.  This  becomes 
particularly  important  if  job  descriptions  are  used  as  a  basis  to  define  the  desirable  skills  and 
responsibilities  of  each  job  in  order  to  negotiate  appropriate  gradings,  pny  and  conditions  of  employment. 
Job  descriptions  are  also  employed,  in  the  desifjr  of  air  traffio  control  systems,  in  research  and  evalua¬ 
tion,  in  choosing  appropriate  equipment  and  facilities,  in  the  definition  of  skills  and  selection 
procedures,  to  provide  u  framework  for  training,  in  the  allocation  ol'  controllers  to  jobs,  in  the  exami¬ 
nation  of  proposed  ayoteni  changes  and  their  oonsequsnoes,  and  in  task  analysis. 
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6b  TASK  ANALYSIS  AND  TASK  SYNTHESIS 

These  "two  concepts  are  not  always  separated,  but  a  distinction  between  them  can  be  useful.  The 
products  of  a  task  analysis  and  a  task  synthesis  are  similar,  but  the  means  of  achieving  each  are  differ¬ 
ent.  The  distinction  is  as  follows:  a  task  analysis  refers  to  a  task  whioh  exists,  and  the  methods  of 
task  analysis  therefore  involve  descriptions  and  classifications  based,  at  least  in  part,  on  observations 
and  measurements  of  how  those  who  are  skilled  and  experienced  in  the  task  actually  perform  it;  a  task 
synthesis  refers  to  a  task  vrhioh  does  not  yet  exist  but  is  being  proposed  or  planned,  and  the  methods  of 
task  synthesis  therefore  involve  descriptions  and  classifications  based  primarily  on  deductions  about 
vhnt  the  task  will  be  like,  and  what  skills  and  experience  will  be  needed  to  perform  it.  In  this  sense, 
a  task  analysis  is  faotu&l,  and  a  tank  synthesis  hypothetical  or  speculative.  Much  of  the  literature 
on  task  analysis  fails  to  draw  this  important  distinction. 

One  purpose  of  task  analysis  is  to  provide  a  basis  for  stating  what  task  changes  would  result  from 
a  proposed  system  ohange,  and  for  tracing  the  consequences  of  these  task  ohanges.  Evaluations,  which 
often  rely  on  simulation,  are  concerned  mainly  with  the  practicality,  efficiency  and  safety  of  the 
proposed  system.  Some  form  of  task  synthesis  is  a  necessary  part  of  the  detailed  planning  of  the  eval¬ 
uations,  particularly  with  reference  to  the  facilities  whioh  must  be  installed  at  each  simulated 
operating  position.  Proposed  changes  may  also  alter  controllers*  attitudes.  A  detailed  task  analysis 
of  the  comparable  roles  in  existing  systems  is  a  necessary  precursor  of  the  successful  definition  of  the 
attitude  ohanges  whioh  proposed  system  ohanges  may  bring,  particularly  if  the  concern  iB  not  with  the 
attitudes  to  the  whole  job  but  selectively  with  attitudes  to  partioulnr  functions  101 .  Home  tasks  or 
aotions  may  be  ohanged  or  removed  with  impunity  as  far  as  the  controllers'  attitudes  are  ooncemod, 
whereas  other  tasks  or  aotions  may  lead  to  marked  ehangeB  in  attitude,  favourable  or  unfavourable,  if 
they  are  tampered  with  at  all. 

There  is  no  single  optimum  level  of  detail  for  a  task  analysis  or  task  synthesis;  the  best  level  of 
detail  depends  entirely  on  the  objectives.  Successful  task  analysis  or  synthesis  represents  a  great 
deal  of  work;  because  eaoh  additional  level  of  detail  adds  a  lot  more  work,  it  1b  desirable  not  to  examine 
tasks  at  a  more  detailed  level  than  will  suffice  for  the  purpose.  Two  furthar  factors  in  addition  to 
level  of  detail  have  a  major  influence  on  the  task  analysis  or  synthesis.  One  is  the  flexibility  of  the 
task.  Is  there  ono  agreed  best  way  of  performing  it?  Ie  the  whole  task  always  the  name?  Can  parta  of 
the  task  he  omitted,  be  added,  be  repeated,  bo  done  out  of  sequence,  or  be  done  in  different  ways?  Nan y 
air  traffic  control  tasks  are  complex  in  this  respect.  No  single  solution  to  an  air  traffic  control 
problem  may  gain  universal  aocsptanoe  as  the  best  possible.  The  second  faotor  is  the  language  used  to 
desonbo  the  task.  This  also  varies  with  the  objeotiveB.  The  task  and  its  sub-tasks  may  be  deaoribed 
in  behavioural  terms  (detect  p.iroraft  on  potential  collision  ooursea,  decide  if  aotion  is  necessary, 
assess  consequences  of  proposed  aotion,  oto);  or  in  system  performance  terms  (the  euoooosful  maintenance 
of  safe  separation  between  two  converging  airoraft,  the  measured  minimum  separation  between  them,  etc); 
or  in  equipment  terms  (the  appearance  of  a  flashing  oymbol  on  a  display,  the  acknowlsdgement  of  this 
symbol  by  the  depression  of  tho  appropriate  key,  etc). 

A  recent  task  analysis  handbook  prepared  primarily  for  training  purpooes1°2  provideo  guidelines  for 
partitioning  tasks  into  sub-tasks,  and  for  defining  the  required  supporting  skills  end  knowledge. 

Normally  both  those  stages  form  part  of  tho  task  analysis  or  synthesis.  ibuko  and  sub-tasks  deal  with 
actions,  whioh  include  some  overt  behaviour  whioh  can  be  defined,  measured  and  timed,  and  activities, 
which  may  also  inolule  cognitive  functions  essential  to  the  task  but  with  no  discernible  behavioural 
counterpart.  In  task  analysis  or  synthesis,  every  action  and  activity  whioh  the  task  requires  is  '  'n 
usually  in  their  standard  ohronologioal  order  if  there  is  oue.  Task  analysis,  based  ao  it  is  on 
vation  and  measurement,  also  involves  some  deductions  on  tho  information  whioh  must  have  been  ooi 
judgements  whioh  must  have  boon  made,  solutions  to  problems  whioh  must  have  been  evolvod  and  decii.ii  ; 
whioh  must  have  been  taken  before  the  obsarvod  aotions  could  occur.  These  doduced  items  aro  induced  in 
the  listing;  in  analysis,  but  not  in  synthesis,  they  can  be  confirmed  subjectively  by  those  who  perform 
the  task.  Measures  of  behaviour  and  aotions  provide  the  frame  of  reference  for  the  task  analysis  ana  a 
sequanoe  for  tho  listing,  into  whioh  tho  more  deductive  aotivitieu  can  be  fitted.  The  task  analysis  may 
also  inolude  a  broad  categorisation  of  the  relative  frequenoy  and  importance  of  various  tasks  and  sub- 
tasks,  hut  this  io  not  essential  and  depends  on  the  objective.  If  tho  purpose  is  to  verify  that  all 
ne ossuary  equipment  is  provided  thon  the  relative  importance  of  various  items  of  equipment  may  only  bo 
significant  ir.  relation  to  its  layout  rather  than  to  its  praeenoe.  However,  if  the  purpose  is  concerned 
with  the  incidence  of  arrorB  and  ths  aohievable  levelB  of  performance  of  tho  task,  then  information  on  the 
relative  frequency  and  importance  of  various  sub-tasks  is  essential.  A  task  analysis  may  allow  all  the 
poaeiblo  sources  of  error  during  task  performance  to  be  defined,  but  may  not  inoluie  any  evidence  at  all 
about  the  performance  achieved,  the  errors  whioh  actually  oocur,  or  their  relative  prevalence. 

Although  the  frame  of  reference  for  tho  task  analysis  consists  of  overt  actions  and  events,  there  is 
never  sufficient  evidence  of  this  kind  for  a  task  analysis  exospt  for  tho  simplest  of  manual  tasks.  Dseorip 
tions  of  ths  operator's  actions  must  be  obtained  passively  without  interfering  with  tho  actions  themselves. 
Methods  include  time  and  event  recording,  photographs,  films,  videotapes  and  other  vioual  records  which 
can  bo  categorised-  sequential  timed  descriptions  by  ono  or  more  trained  observers,  flow  diagrams,  and 
critical  incident  techniques.  With  varying  degrees  of  success,  these  methods  in  prinoiple  can  be  followed 
without  direct  interference  with  the  task.  Other  teohniquss  such  as  eye  movement  recording,  whioh  may 
involve  some  instrumentation  of  the  controller,  may  yield  data  which  contributes  usefully  to  the  task 
analysis,  but  they  are  lass  obviously  passive  as  techniques. 

The  descriptions  of  aotionc  in  a  task  analysis  or  synthesis  may  have  little  explanatory  value.  There 
may  be  a  record  of  where  the  man  looked  and  of  what  he  did,  but  no  prooise  indication  of  exactly  what  ho 
looked  at  and  why,  of  his  reasons  for  his  aotions,  or  of  what  he  believed  hs  was  doing.  Therefore,  for 
complex  tasks  such  as  those  in  air  traffic  oontrol,  the  bald  deecriptlon  of  events  has  to  he  complemented 
by  an  informed  explanatory  account  of  tho  assooiatod  oognitive  processes.  This  relies  heavily  on  the  skill 
and  judgement  of  the  task  analyst. 

A  task  synthesis  may  he  compiled  to  rovoa.1  what  information  a  man  must  have  to  fulfil  a  particular 
role.  Praotical  considerations  of  oost  and  technical  resources  may  thon  be  used  to  evaluate  the  tusk 


49 


synthesis,  whioh  would  not  normally  contain  such  factors  direotly.  The  synthesis  rosy  challenge  the 
feasibility  of  a  proposod  operational  task,  by  revealing  that  certain  information  whioh  cannot  be  pro¬ 
vided  is  nevertheless  indispensable,  or  hy  showing  that  sub-taskG  beyond  human  capabilities  are  inherent 
in  the  proposal. 

In  task  synthesis  there  may  be  far  more  options  to  consider  than  in  task  analysis,  regarding  the 
performance  of  the  task  by  man  or  maohine  and  the  required  level  of  task  performance.  Task  analysis  may 
dwell  rauoh  more  on  the  tasks  whioh  would  be  required  to  meet  system  objectives,  with  the  implied  sub- 
tasks,  facilities,  knowledge  and  skills,  and  with  tho  assessment  of  the  feasibility  of  attaining  the 
objectives.  Task  synthesis  may  also  be  concerned  with  alternative  tasks  consequent  upon  various  possible 
degrees  of  automated  assistance.  As  with  task  analysis,  tho  framework  is  of  actions,  albeit  hypothetical 
ones,  complemented  by  the  deduced  cognitive  processes  required.  In  synthesis  even  more  than  in  analysis, 
the  judgement  of  the  task  analyst  is  critical. 

Task  analysis  and  synthesis,  though  of  great  value  for  many  purposes,  have  their  limitations.  A 
whole  task  is  never  the  same  os  the  sum  of  its  parts.  The  produot  of  analysis  or  synthesis  ie  essentially 
the  sum  of  the  parts  of  a  task. 

The  final  phase  of  task  analysis  or  synthesis  is  tho  derivation  from  the  task  descriptions  of  the 
skills  and  knowledge  on  whioh  successful  task  performance  will  depend  or  which  would  appear  relevant 
enough  to  enhance  performance  if  they  were  present.  Descriptions  of  air  traffic  control  skills  have 
generally  been  rudimentary1^ .  They  can  be  couched  in  general  psychological  terms  or  in  specific  air 
traffic  control  terms,  A  better  taxonouy  of  skills  is  needed,  but  a  general  one  for  all  air  traffio  con¬ 
trol  in  all  contexts  is  not  feasible  -  the  differences  between  job3  are  too  great  -  and  therefore  it  must 
be  epecifio  to  the  task  analysis  or  synthesis.  The  rudimentary  listing  of  Bkills  mentioned  above1  ^  has 
nevertheless  been  sufficient  to  demonstrate  that  the  main  differences  between  air  traffic  control  and 
other  skills  lie  in  the  central  processing  of  information  rather  than  its  input  to  or  output  from  tho 
system,  and  that  the  diversity  of  thane  central  processing  skills  in  air  traffic  control  tendB  to  vitiate 
any  taxonomy  of  thea104* 

There  are  opportunities  for  err  or  in  task  analysis  which  do  not  ariBO  in  task  synthesis.  'Task  analy¬ 
sis  involves  the  description  of  the  actions  of  fully  proficient  and  experienced  controllers  in  ourrent 
praotice.  Although  the  prooesa  of  measurement  should  be  an  passive  as  possible,  ths  mere  knowledge  that 
measures  are  being  taken  for  a  tack  analysis  ie  enough  to  introduce  certain  changes.  Controllers  want  to 
be  seen  at  their  bast  and  to  uppaar  efficient.  They  will  not  be  idle  even  when  there  is  nothing  for  them 
to  do.  They  will  fallow  procedures  punctiliously  and  avoid  unorthodox  ones.  Normal  social  ohatter  will 
be  curtailed,  irrelevant  remarks  reduced,  language  moderated,  and  vncomplimontaiy  and  derogatory  asides 
se lf-oensorod.  Equipment  serviceability  will  be  minimi sed, with  faults  reported  when  they  might  otherwise 
be  tolerated,  and  remedied  as  a  matter  of  urgency  when  urgency  ia  not  needed.  A  took  analysis  oar.  thus  be 
biased  to  portray  an  unrealistically  slick  and  smoothly  functioning  system. 

Task  synthesis  ia  in  principle  more  comprehensive  and  objective  than  task  analyuis,  aince  it  is  not 
limited  by  the  constraints  of  aotual  tasks  and  oan  contemplate  extensions  to  tasks  beyond  any  whioh  have 
previously  boon  adopted.  Traditional  practices  and  constraints  have  a  lose  Btrong  and  lees  restrictive 
influence  on  task  synthesis  but  ora  an  inherent  part  of  task  analysis.  A  recent  trend  towarde  the  evolu¬ 
tion  of  future  tasks  by  feasibility  studies,  in  which  the  participating  controllers  suggest  changes 
whioh  ore  then  implemented  and  commanted  on  in  their  turn,  provides  a  different  and  more  flexible 
approaoh  to  task  synthesis  and  integrates  it  more  oloeely  with  the  partitioning,  allocation  and  grouping 
of  tasks,  aub-taaks  and  responsibilities . 

60  OflOUFINO  OF  TASKS 

Tho  tank  analysis  or  synthesis  produces  a  list  of  taeke  and  eub-taeka  at  a  level  of  detail  suited  to 
its  objective.  Ono  objsotive,  associated  in  particular  with  major  system  ohanges  or  with  the  introduction 
of  a  new  air  traffio  oontrol  system,  is  to  verify  that  every  envisaged  function  for  the  man  would  be  with¬ 
in  the  capabilities  of  a  trained  operator,  and  then  to  group  tasks.  Numerous  oriteria  may  facilitate  the 
successful  grouping  of  tasks : 

(1)  Tasks  which  share  common  requirements  for  skills  and  knowledge  should  bo  considered  as  poten¬ 
tially  suitable  for  performance  by  the  same  individual. 

(2)  Tasks  which  have  requirements  so  disparate  that  they  are  unlikely  to  be  found  in  u  single 
individual  should  bo  assigned  to  different  people. 

(3)  Tasks  whioh  form  a  oohorent  progressive  seqwnce,  and  sub-tasks  whioh  follow  a  single  sequence, 
can  be  assigned  to  the  same  person,  and  may  minimise  duplication  of  effort  and  unnecessary 
communications  if  they  are. 

(4)  Tanks  whioh  must  be  fulfilled  concurrently  must  be  integrated  so  that  they  can  bo  done  together, 
separated  and  allocated  to  different  individuals  or  teams,  or  done  sequentially  where  delays 

in  their  performance  oan  be  tolerated, 

(5)  Tasks  suitable  for  individuals  must  be  clearly  distinguished  from  those  to  be  performed  by 
teams. 

(6)  Toaks  whioh  use  common  facilities  in  different  ways  for  different  purposes  at  the  sane  time  oust 
be  dearly  separated  if  tho  performance  of  any  one  of  the  taskB  would  be  liable  to  interfere 
with  the  effective  performance  of  any  of  the  others, 

(7)  Tasks  whioh  vary  greatly  in  complexity,  required  knowledge  and  experience,  status,  and  responsibi¬ 
lities  may  not  be  suitable  for  allocation  to  the  same  individual  since  they  would  pose  problems 
of  the  definition  of  grading,  status  and  responsibilities,  and  of  selection  and  training. 
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(3)  Tasks  should  be  grouped  to  facilitate  the  definition  of  responsibi litiea,  jobs,  and  ueleotion 
and  training  requirements* 

(9)  'Dash  groupings  should  take  aooouit  of  traditional  praotioeo,  divisions  of  responsibility,  and 
skills,  which  should  not  be  discarded  without  good  reason. 

(10)  Taako  should  be  groupedso  that  each  individual  or  team  is  sufficiently  autonomous  to  make 
progress  in  performance  of  their  own  tasks  without  having  to  wait  for  others  to  porform 
theirs. 

(11)  Tasks  should  be  grouped  to  minimise  gross  differences  in  workload  between  individuals  and 
between  different  times  for  the  same  individual,  the  capacity  of  the  whole  system  must  not  be 
seriously  reduced  because  the  distribution  of  tasks  and  sub-tasks  inours  overloading  of  one  or 
a  few  contra llera  long  before  any  others  are  becoming  overloaded. 

(12)  Tasks  should  be  grouped  to  avoid  wasteful  duplication  of  facilities  and  functions!  for  example, 
two  controllers  should  not  both  be  trying  to  oontaot  the  same  pilot  for  different  purposes  at 
the  same  time, 

(13)  Tasks  should  be  grouped  to  take  some  account  of  envisaged  future  developments  and  system  changes 
ho  that  they  oan  be  reconciled  with  each  grouping.  This  probably  entails  that  pzoposed  changes 
should  have  clearly  defined  implications  for  a  limited  number  of  tasks  rather  then  scattered 
and  apparently  arbitrary  ramifications  for  many. 

(14)  Tasks  should  be  grouped  so  that  the  tasks  and  filiations  of  each  grouping  can  be  reconciled  with 
revised  groupings  wherever  this  is  required.  In  particular  task  groupings  must  bo  compatible 
with  envisaged  responsibilities.  This  applies  in  particular  to  the  continued  feasibility  of 
teoimork,  to  the  future  roles  of  supervisors  and  assistants,  and  to  the  amalgamation  and 
splitting  of  tasks  to  accommodate  gross  change n  in  workload  and  task  demands. 

Ideally,  in  task  grouping,  much  emphauis  in  placed  on  the  oomaionality  uf  the  desirable  human 
attributes  for  the  successful  performance  of  the  various  taskB  assigned  to  tho  e&mo  individual.  In 
principle  this  commonality  is  a  laudibls  aim  if  it  oan  be  achieved.  In  prnotioe,  however,  it  oou  become 
a  oonisel  of  porfaotion,  far  removed  from  the  realities  of  task  md  sub-task  groupings.  In  an  traffio 
oontrol  tasks,  two  other  considerations  are  often  of  greater  importance .  one  is  the  allocation  of  tasks 
to  equate  workload  across  individuals  as  much  as  possible  and  to  aohiove  flexibility  of  workload,  in 
order  to  maximise  the  traffio  handling  oapaoity  of  the  who Is  systemi  the  other  1b  the  apparently  negative 
requi lament  to  avoid  the  allocation  to  the  same  person  of  tasks  and  sub-tasks  whioh  seem  to  demand  con¬ 
flicting  human  capabilities,  instructions  or  attributes. 

The  charge  that  soma  of  these  requirements  for  task  grouping  seem  too  obvious  to  be  worth  stating  is 
countered  by  the  faot  that  in  the  past  ovott  these  obvious  requirements  have  often  not  boon  met.  The 
roles  of  supervision,  assistance,  teamwork  and  safe  controlling  in  progressively  automated  systems  depend 
greatly  on  the  way  that  tasks  and  sub-tasks  are  grouped.  The  smooth  functioning  of  the  system  implies 
that  controllers  do  not  normally  get  in  each  others*  way.  Tho  divisions  of  reeponeibi litiea  must  be 
dear  so  that  vital  funotions  are  not  omitted  because  everyone  thought  they  wore  being  fulfilled  by 
someone  else.  A  task  whioh  consists  substantially  of  routine  data  entry  and  another  task  whioh  requires 
cotoplox  deoiaion  making  and  prompt  and  dooisiva  action  require  attributes  and  qualities  of  temperament 
so  different  that  to  seek  thorn  in  the  same  individual  seems  over-optimistio.  let  in  air  traffio  oontrol 
they  are  regularly  Bought  in  tho  name  individual. 

6d  UranACTIOHS  BETWEEN  TASKS 

Interactions  between  tasks  are  of  three  main  types; 

(1 )  Intaraotiona  between  tasks  whioh  arc  the  responsibility  of  a  single  controller,  and  which  must 
be  done  at  about  the  same  time,  conaecutively  or  by  sharing  his  effort  between  them. 

(2)  Interactions  batwoon  tasks  allocated  to  or  shared  by  different  controllers  in  tho  same  woik- 
npu.ee,  for  which  different  oelootivoly  retriovod  information  or  different  facilities  may  be 
appropriate . 

(3)  Intoraotions  between  tanka  dona  at  di if o rent  times  or  different  positions  in  tho  aystom,  whoro 
tho  concurrent  independent  performance  of  a  task  by  one  controller  influences  tho  tasks  of 
others  through  the  system  design  and  facilities,  or  where  a  current  task  is  influsnood  by,  and 
dependant  on,  the  performance  of  a  previous  one  by  tho  same  or  another  controller. 

Interactions  of  the  first  type  have  to  be  resolved  by  a  combination  of  job  descriptions,  task  allo¬ 
cation  and  grouping,  and  system  design.  An  examination  of  the  interacting  tasks  in  the  light  of  basic 
knowledge  of  human  oognitive  capabilities  and  limitations  will  reveal  whioh  tasks  can  be  reconciled  and 
done  concurrently  (for  example,  bocauoo  an  experienced  controller  oan  do  one  without  attending  to  it), 
which  must  be  separated  altogether  because  they  would  interfere  wjtn  each  other  too  much  (for  example, 
booaunn  they  both  demand  full  attention  or  require  different  selections  of  information  whioh  cannot  all 
be  present  at  once),  and  whioh  might  be  shared  (for  example,  because  each  is  a  part-time  task  and  both 
need  similar  data).  The  level  of  attainable  performance  will  depend  in  part  on  whether  the  controller's 
time-sharing  ability^  has  had  any  influence  on  his  selection  and  training.  It  is  important  in  consider¬ 
ing  interacting  taskn  of  this  type  to  identify  tho  kinds  of  error  whioh  might  oocur  because  of  mutual 
interforonce  between  them,  and  to  ensure  that  such  errors  could  not  become  dangerous. 

Interactions  of  tho  second  type  are  primarily  a  matter  of  workspace  and  system  daaign,  and  of  deci¬ 
sions  on  whether  tasks  should  be  autonomous  or  dependent  on  eaoh  other.  Tasks  to  be  performed  by  a  team 
must  be  designed  from  the  outset  to  foster  this  aim.  The  allocation  and  positioning  of  facilities  at  the 
workspace  determines  whioh  functions  can  be  shared  or  done  collaboratively,  which  must  be  the  prerogative 
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of  a  particular  team  member,  and  whioh  could  be  allocated  to  another  team  member.  The  extent  to  which 
faoilitlea  are  replicated  and  duplicated  also  influences  this  second  type  of  interaction  between  taste. 

The  guiding  principle  must  be  that  each  controller  ehouid  be  able  to  perform  all  his  tasks  without 
seriously  disrupting  any  other  controller  in  the  performance  of  his  tasks.  It  must  not  be  possible, 
while  one  controller  is  tuing  a  display  to  perform  one  of  his  own  taskn,  for  another  controller,  with¬ 
out  previous  warning,  consultation  or  agreement,  deliberately  or  inadvertently  to  change  the  content  of 
that  dispiv  as  a  legitimate  part  of  one  of  his  tanks,  in  any  way  whioh  interferes  with  the  performance 
of  the  tank  already  being  done.  If,  to  perform  his  own  task,  a  controller  needs  to  know  what  a  collea¬ 
gue  is  doing,  he  must  be  able  to  determine  this  readily  without  disrupting  his  oollsague'o  actions. 

Either  lie  can  watohhis  colleague  and  the  information  he  is  using  or  he  can  call  down  at  his  own  work 
position  the  relevant  information  about  his  colleague's  aotions.  A  oommou  fault,  as  task  loading 
inoreasos,  ic  for  the  tasks  of  each  controller  to  Interact  less  with  those  of  his  fellow  team  members, 
because  he  has  insufficient  time  to  note  their  aotionu,  with  the  result  that  the  team  tends  to  break 
down  mder  high  workload,  and  the  interactions  between  tasks,  envisaged  in  the  system  design,  no  longer 
take  place. 

Interactions  of  the  third  type  are  primarily  a  matter  of  system  design,  and  the  provision  of  appro¬ 
priate  faoilitiss  at  eaoh  operating  position.  In  the  case  of  tasks  at  the  same  position,  the  system 
must  provido  appropriate  information  on  the  relevant  tasks  already  done  and  on  what  they  have  achieved, 
in  a  form  which  is  intelligible,  appears  at  the  appropriate  time,  and  oan  be  remembered,  tor  tasks  done 
at  other  positions,  the  system  must  display  to  the  controller  that  they  have  been  accomplished,  and 
their  import  for  him.  Che  of  the  commonest  interactions  between  tasks  in  air  traffic  control  concerns 
the  sequential  control  of  an  airoraft  by  different  controllers  as  it  taxios,  departs,  climbs,  oruieas 
en  route,  descends,  approaches,  lands  and  taxies  again.  Far  each  control  taslc,  information  about  the 
aotions  of  previous  controllers  is  relevant.  Much  planning  of  the  control  of  air  traffic  is  done  using 
information  about  pending  traffio,  which  is  actually  under  the  oontrol  of  someone  else.  Interactions 
between  these  tasks  are  therefore  an  intrinsic  aspeot  of  air  traffio  control.  Interactions  must  be 
studied  with  particular  oonoem  for  the  kinds  of  error  whioh  can  arise  with  inadequate  foreknowledge  of 
other  tasks  and  for  any  ambiguities  whioh  can  occur  during  the  handover  of  airoraft  between  controllers. 

be  WORKLOAD 

Ttie  oonoept  of  workload  is  very  broad  1  in  air  traffio  oontrol,  it  almost  invariably  refers  to 
mental  rather  than  physical  workload.  Almost  tho  whole  of  the  recent  extensive  literature  on  workload 
has  doalt  with  mental  workload.  Confusion  arises  because  system  planners  and  designers  often  interpret 
workload au  the  load  whioh  the  system  imposes  on  the  man  in  the  form  of  task  demands.  They  therefore 
expeot  workload  to  be  deeoribed  in  terms  of  the  f motions  assigned  to  each  man  whioh  he  rausv  perform  to 
a  required  standard  in  a  given  time  to  meet  the  system  objectives.  If  workload  is  equated  wit*  task 
demands,  it  may  be  described  in  system  rather  than  human  teraiu,  and,  being  imposed  by  tbs  system,  it 
would  not  differ  aooorddng  to  the  operator  who  happened  to  be  present.  This  notion  of  workload  is 
straightforward,  quantifiable,  and  relatively  easy  to  describe,  hbfort'jaately  it  does  not  correspond 
with  the  humen  factors  oonoept  of  mental  workload  in  real  life  tasks. 

Mental  workload,  being  a  priori  mental,  is  an  attribute  of  the  individual  man  and  hie  responses  to 
tank  demands.  It  therefore  varioo  not  only  with  tiro  task  demands  themaelveo,  but  with  individual  attri¬ 
butes  of  the  person  performing  the  task.  The  some  task  demands  impose  very  different  mental  workload 
on  the  novice  and  on  tho  experienced  controller.  An  air  traffio  oontrol  task  presented  to  someone  with 
no  knowledge  of  air  traffio  oontrol  would  bs  impossible  for  him  to  perform.  The  same  tank  presented  to 
a  trainee  controller  d'u-ing  the  early  stages  of  hie  training  might  elioit  an  inadequate  performance  with 
very  high  workload  and  maximum  effort.  Nevertheless  the  self -same  task  presented  to  a  fully  proficient 
controller  in  current  practice  might  impose  little  workload,  and  BBem  simple,  undemanding  and  even 
boring. 

These  gross  differences  depend  little  on  the  particular  nature  of  the  task  demands;  they  are 
primarily  a  matter  of  knowledge,  experience,  skill,  and  training.  Therefore  the  adequate  measurement 
of  the  workload  of  the  individual  controller  entails  some  means  of  allowing  for  these  individual  factors, 
either  by  the  direot  assessment  of  them,  or  by  indiroot  means  of  assessment  whereby  system  oharaotarle- 
ticB,  took  demands,  individual  responses  and  aotions,  and  individual  effort  con  be  quantified.  Sunil 
wonder  that  efforts  to  quantify  the  workload  of  the  controller  have  hitherto  been  largely  unsuccessful 
except  within  very  limited  objectives.  The  individual  controller's  judgement  on  whether  hie  mental  work¬ 
load  is  tolerable  and  accepts'  is  also  depends  on  professional  traditions,  pride,  norms  and  atendards, 
whioh  influence  the  effort  th-c  the  controller  himself  is  prepared  to  make,  and  expects  his  colleagues  to 
make,  in  order  to  cope  with  high  task  demands. 

The  etudy  of  mental  workload  is  a  live  issue  at  the  present  time.  It  was  ohosen  as  the  theme  for 
tho  first  attempt  to  develop  an  electronic  journal  using  an  aleotronio  network,  although  the  actual 
contributions  of  thru  venture  to  tho  furtherance  of  the  understanding  of  mental  workload  were  relatively 
few’ll.  The  prospects  for  the  successful  quantification  and  measurement  of  mental  workload  in  real  1- fc 
oontexta  seem  to  bo  receding  rather  than  advancing,  for  several  reasons.  The  idea  that  the  oonoept  of 
mental  workload  correaponds  with  any  coherent  measurable  entity  can  no  longer  be  taken  for  granted. 

The  notion  that  in  some  sense  the  mental  capacity  of  an  individual  is  a  fixed  quantity  whioh  can  be 
partitioned  and  manipulated  seems  dubious.  Man  may  be  a  serial  or  a  parallel  processor  of  information, 
depending  on  taoks  and  oiroumstanaes;  therefore  tho  idea  of  a  fixed  meital  loading  capacity  cannot  be 
sustained.  When  tasks  are  partitioned,  the  whole  is  not  equal  to  the  suo  of  tile  parts,  because  tho  pro¬ 
cesses  of  partitioning,  manipulation  and  summation  themselves  influence  workload.  Although  psycho logical 
i-ieories  do  not  seem  very  helpful  .'or  solving  practical  workload  problems,  at  least  the  reasons  for  this 
are  now  becoming  clearer. 

Since  mental  workload  depends  so  much  on  the  frame  of  reference  whioh  the  individual  brings  to  the 
task,  in  the  form  of  what  he  already  knows  and  can  do,  it  is  not  surprising  if  laboratory  tasks,  the 
frame  of  reference  for  which  depends  on  instructions  and  tr&iuing  whioh  oan  he  mastared  in  a  few  minutes, 
do  not  produce  findings  on  workload  whioh  can  be  extrapolated  to  real  life  tasks  in  air  traffio  oontrol. 
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the  f reuse  of  reference  for  whioh  depends  on  instructions  and  training  which  may  last  for  months  or  years 
and  not  even  be  mastered  then.  Serious  attempts  have  bean  made  to  bridge  this  gulf  between  laboratory 
and  real  life  in  the  stuly  of  mental  workload^'!,  but  in  some  reapeota  from  the  applied  side  tha  gulf 
still  looks  wibridgosble.  In  the  meantime*  any  single  measure  which  purports  to  be  an  adequate  represen¬ 
tation  of  mental  workload  should  be  shunned  ns  highly  suspeot.  There  is  fairly  general  agroorant  that  s 
multiplicity  of  measures  is  needed  for  progress  in  the  measurement  of  mantel  workload.,  and  that  even 
these  cannot  guarantee  auooeas^i  1C?. 

The  members  of  a  group  of  experienced  air  traffic  controllers  doing  the  sane  air  traffic  control  job 
are  not  likely  to  differ  greatly  in  the  mental  workload  whioh  the  same  task  demands  would  impose  on  them. 
The  practical  conoera  with  individual  differences  in  mental  workload  in  air  traffio  oontrol  therefore 
relates  more  to  selection  and  training  and  to  differences  between  taskR  than  to  differences  between  fully 
profioient  people.  Honco  it  is  feasible  to  consider  that  one  oontroller  might  be  able  to  make  some 
assessments  of  tha  workload  of  another  provided  that  the  validity  of  this  procedure  was  verified.  The 
problem  in  specifying  mental  workload  refers  less  to  controller  differences  than  to  the  voiy  large  effeota 
on  mental  workload  of  professional  expertise.  Without  expertise,  a  task  may  be  impossible j  with  it  the 
some  task  mAy  be  easy.  This  expertise  takas  many  forms,  few  of  whioh  are  observable  or  measurable 
dirootly  in  mental  workload  terms  while  the  task  performance  is  in  progress.  Deductions  may  be  made  from 
the  controller's  actions  that  ha  must  have  known  the  correot  procedures  and  implemented  them  efficiently 
at  about  the  optimum  time.  The  extent  to  whioh  ha  raderctood  and  allowed  for  all  tha  possible  conse¬ 
quences  of  each  decision  is  much  more  difficult  to  asoeriain  but  is  the  kind  of  faotor  that  any  successful 
utuly  of  the  controller's  mental  workload  has  got  to  take  into  aocovnt.  Relatively  email  differences  in 
what  he  knows  or  in  what  he  can  recall  successfully  may  have  major  consequences  for  the  controller's 
mental  workload. 

Measures  of  workload  have  become  complex  anough  to  juotiiy  an  ACJAHUsgraph  devoted  to  then5,  in  whioh 
much  of  the  relevant  Arrerioan  work  cn  the  assessment  of  air  traffio  control  workload  was  surveyed  in 
three  paper’s 1  '®.  The  proliferation  of  toohniquoe  for  mental  workload  assessment  is  exemplified 
by  a  reoent  classification  using  thirty-five  separate  techniques1''1,  under  the  headingu  of  eubjeotive 
opinion,  spare  mental  oapaoity,  primary  task,  and  physiological  measures.  Misgivings  have  been 
expressed  on  the  validity  of  air  traffic  control  workload  measurement  utdor  simulated  air  traffio  control 
conditions1^.  Mont  general  studies  of  workload  have  sought  to  assess  high  workload  but  havo  failed  to 
address  the  practical  problems  of  workload  which  is  too  high  or  too  low,  in  the  sense  that  steps  must  be 
taken  to  adjust  it.  If  workload  is  too  high  or  too  low,  task  performance  may  not  bo  optimum  and  measures 
may  show  this;  out  of  muoh  greater  practical  significance  than  the  general  level  of  task  performance  as 
a  consequence  or  inappropriate  workload  tray  be  occasional  instances  of  notions  whioh  are  dangerous. 
Measures  of  the  nature  of  errors  In  liigh  or  low  workload,  as  distinot  from  the  incidence  of  errors,  are 
quite  uncommon.  Analysis  of  reports  of  aircraft  aooidenta  and  incidents  euggosts  that  their  prevalence 
does  not  depond  much  on  workload,  but  this  is  an  impression:  its  scientific  proof  would  require  the 
derivation  of  very  sophisticated  and  subtle  oriteria  tc  establish  what  would  be  expected  by  ohanoo  and 
how  this  would  compare  with  what  is  observed  to  scour-  At  the  present  timo  the  oonoept  of  workload 
seoms  liable  to  become  debased  by  excessive  and  unoritical  usage,  a  fate  shared  by  the  concepts  of 
fatigue  and  stress!?. 

Neverthelees,  somehow  mental  workload  should  influence  task  analysis  and  task  synthoeis,  the  group¬ 
ing  of  tasks  and  the  study  of  the  interactions  between  them.  In  practical  terms,  the  performance  of  the 
air  traffio  oontroller  must  not  bo  degraded  isaoccptably  because  he  has  too  muoh  to  do;  he  must  not 
continuously  have  to  make  great  offorts  to  cope  with  his  tasks;  wcessive  task  demands  must  not  bo 
allowed  to  impair  human  well-boingj  unavoidable  haste  and  pressure  from  tasks  must  not  lead  to  dangerous 
irrecoverablo  errors.  Such  considerations  do  influence  the  construction  of  tasks,  the  divisions  of 
tasks  and  the  traffio  loading  of  tasks.  Perhaps  it  is  possible  to  continue  tc  make  practical  progress 
without  being  able  to  define  or  measure  mental  workload  in  any  precise  way.  Ceitoiniy  it  is  not 
practicable  to  shalve  the  problem  of  mental  workload  assessment  until  definitive  measures  of  workload 
have  been  derive^  since  there  is  no  real  sign  that  such  measures  are  in  the  offing. 

In  Moray's  text'W,  workload  is  discussed  in  relation  to  experimental  psychology,  control  engineering, 
mathematical  models,  physiological  psychology,  and  applications.  Gartner  and  Murphy1 '3  distinguish 
between  workload  os  task  demands,  workload  as  effort,  and  workload  as  activity  or  accomplishment.  The 
concepts  of  performance,  workload  and  otrees  have  not  always  been  carefully  distinguished  and  sometimes 
the  same  measures  arc  apparently  related  to  these  different  concepts  without  an  adequate  oxpianation  of 
how  this  iB  possible1 14.  Psychologists  should  persevere  in  their  attempts  to  adduce  more  sutisfa- 
tory  measures  of  mental  workload  sinoe  success  would  bring  real  benefits.  For  example  measures  of  mental 
workload  could  then  bo  used  to  assess  what  the  controller's  experience,  knowledge  and  skills  ought  to 
be,  and  hence  to  aid  the  specification  of  the  form  and  content  of  selection  and  training.  However,  it  now 
seems  probable  that  any  assessment  of  the  controller's  mental  workload  whioh  is  comprehensive  enough  to  be 
of  praotioal  use  must  take  ancourt  of  what  he  knowe  as  well  as  of  what  he  does. 


CHAPTER  7 


THE  WORK  ENVIRONMENT 


7*  PRINCIPLES  OP  WORKSPACE  DE3I0N 

In  air  traffio  control,  the  workspace  is  purpose-built,  that  is  designed  exclusively  for  air  traffio 
control  tasks  and  conditions.  The  prooeos  of  workspace  design  is  a  collaborative  interdisciplinary 
effort  between  system  planners  end  designers,  technical  experts  in  engineering,  oomntai  cat  ions,  system 
hardware  and  aystsm  software,  and  human  factors  and  occupational  health  specialists.  It  should  also 
involve  controllers.  Directly  or  indireotly,  constraints  on  the  design  are  introduced  from  numerous 
further  sources,  including  finance,  architecture,  and  heating  and  lighting  engineering,  and  these  too 
influance  workspace  design. 

The  role  of  human  factors  in  to  ensure  that  all  the  human  factors  implications  for  workspace  design 
of  the  system  objectives,  the  job  descriptions,  and  the  design  and  grouping  of  tasks,  are  recognised,  and 
that  the  wozkspaoe  design,  evolved  through  interdisciplinary  collaboration,  takes  sufficient  aoooisit  of 
human  faotors  requirements  to  enable  all  the  envisaged  roles  and  f motions  of  the  man  to  be  fulfilled  at 
operationally  acceptable  levels  of  efficiency  and  safety,  preferably  under  conditions  whioh  are  aa  near 
optimum  as  can  reasonably  be  achieved.  The  requirements  of  air  traffic  control  in  relation  to  wotkepace 
are  generally  so  numerous,  so  complex  and  so  diverse  as  to  preclude  any  woxkspace  opacification  which 
would  bo  ideal  in  human  faotors  terms.  Generally,  there  are  too  many  different  tasks  to  be  done,  too  much 
equipment  and  too  many  facilities  to  be  fitted  in,  and  too  much  envisaged  flexibility  of  manning  levels, 
to  permit  a  workspace  specification  whioh  is  optimise  for  all  circumstances,  or  even  optimum  in  any 
circumstances.  The  emphasis  is  to  strike  the  best  compromise  in  workspace  design  so  that  no  functions  ever 
become  very  difficult  or  impossible,  and  most  can  be  doue  very  well.  A  fundamental  practical  question  la 
whether  to  design  the  bast  workspace  possible  for  standard  operating  conditions  in  the  knowledge  that  it 
may  be  far  from  optimum  in  non-standard  conditions,  or  to  depart  further  from  the  ideal  under  standard 
conditions  to  accommodate  unusual  operational  conditions  more  adequately. 

Workspace  design  is  influenced  by,  and  may  liava  some  influence  on: 

(1)  'The  tasks  and  the  equipment  needed  to  perform  them. 

(2)  The  physical  environment  within  whioh  the  tanks  arc  dona. 

(3)  Hanning  levels,  inducting  requirements  for  task  splitting  or  amalgamation,  for  supervision  or 
assistance,  and  for  on-ths-job  training. 

(4)  Conditions  of  service,  especially  rostering  and  off-watch  facilities. 

Workspace  design  presumes  that  much  of  ths  detailed  planning  and  task  analysis  has  already  been 
completed.  There  are  three  distinot  levels  of  detail  in  workspace  design,  progressing  from  the  general  to 
the  particular,  end  these  must  bo  tackled  in  order,  retaining  some  flexibility  to  allow  for  interactions 
between  levels.  The  three  levels  of  detail  are; 

(1)  The  general  working  environment. 

(2)  The  workspace  of  the  individual  operator. 

(3)  The  detailed  specification,  layout  und  location  of  oaoh  equipment  item  within  oaoh  individual 
workspace. 

Objectives  of  workspace  design  which  have  some  influence  on  its  processes  inoludo  the  following: 

(1 )  To  promote  the  achievement  of  tho  highest  possible  standards  of  operational  efficiency  by 
ensuring  that  the  design  of  the  workspace  introduces  no  avoidablo  constraints  on  performance, 
accuracy  or  rate  of  work. 

(2)  To  ensure  that  ths  workspaoa  dosign  is  compatible  with  the  design  aimu  of  tho  uyBtam,  in  relation 
to  tho  division  of  tasks,  the  allocation  of  responsibilities,  and  the  balanoo  between  teamwork 
and  individual  autonomy. 

(3)  To  ensure  that  tho  workspace  can  acconmodato  all  the  envisaged  manning  levelu  satisfactorily, 
including  the  splitting  or  amalgamation  (baudboxing)  of  positions,  and  can  permit  all  further 
roles,  aasooiated  with  or  ancillary  to  air  traffio  control  itself,  to  bo  fulfilled,  suoh  as 
supervision,  assistance,  and  on-ths-job  training  and  instruction  if  applicable. 

(4)  To  permit  the  eafe,  smooth  and  efficient  allocation  and  transfer  of  control  responsibilities, 
and  effective  liaiBon,  co-ordination  und  comm uni cations  on  tho  groind  and  between  air  and 
ground. 

(5)  To  snuure  that  each  individual  has  ready  access  to  all  the  information  he  needs  about  the  state 
of  the  system,  and  about  ths  activities  and  progrocs  of  his  oolloaguos. 

(6)  To  ensure  that  u'll  the  items  required  for  tasks  are  present,  easily  visible,  and  laid  out 
logically  to  encourage  efficient  flowing  physical  movements  and  task  progressions. 

(7)  To  ensure  that  the  layout  of  equipment,  facilities  and  displays  refloots  thoir  importance  and 
frequency  of  use,  and  helps  to  show  how  tho  tasks  are  structured. 
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(8)  To  ensure  that  each  item  of  equipment  is  plaoed  in  its  optimum  position,  that  the  dirootioil 
and  magnitude  of  the  forces  required  to  motivate  it  arm  within  recommended  limits,  and  that 
the  type  and  sensitivity  of  controls  are  appropriate  for  the  functions  to  be  performed  with 

them. 

(9)  To  minimise  potential  errors,  omissions  and  ambiguities  by  identifying  those  which  could  be 
engendered  by  aspects  of  workapaoi  design,  in  oonjunotioa  with  tasic  designs. 

(10)  To  prevent  aspects  of  the  physioal  environment  and  workspace  from  becoming  obtrusive  or  a 
distraotion  to  any  of  the  people  who  are  working  there. 

(11)  To  ensure  that  the  workspace  promotes  effective  training  and  learning  of  tanks,  provides  lor 
each  oporator  suffioisnt  knowledge  of  the  system  for  him  to  understand  his  role  and  funotions 
oorreotly,  and  gives  him  sufficient  information  on  the  consequences  of  its  actions  for  him  to 
achieve  optionm  performance. 

(12)  To  ensure  that  physioal  environmental  factors,  such  as  noise  and  acoustic  properties,  heating 
and  ventilation,  ambient  lighting,  glare  and  reflections,  and  surfaoee,  psinte  and  00 lour 
schemes,  eto,  cannot  degrade  performance  or  efficiency  or  have  adverse  effects  on  well-being, 

(13)  To  prevent  any  in, jury  or  physi oal  strain  on  the  operator,  and  to  verify  that  the  physical 
work  environment  cannot  be  the  source  of  any  occupational  health  problem  or  hazard. 

(14)  To  foster  the  interact,  Job  satisfaction,  morals  and  self-estaom  of  operators. 

(15)  To  provide  a  work  poaition  whioh  is  comfortable  for  each  operator,  if  nuce  Haary  after  euitabla 
and  easily  made  piysical  adjustments;  comfort  in  equated  with  uaobtrusivonesa  rather  than 
luxury. 

(16)  To  provide  a  physical  environment  wliioh  looks  pleasant  and  is  acceptable  to  all  who  work  in 
it. 

(17)  10  ensure  that  the  physical  layout  of  equipment  io  compatible  with  all  ancillary  functions 
such  as  maintenance  ol'  equipment,  cleaning,  demonstrations  to  viaitors,  accessibility  for 
watch  handovers,  eto. 

After  Jobs  and  tauks  have  bean  designed,  the  equipment  needed  for  than)  has  bean  deduced,  and  the 
allocation  of  rauponaibi Xitiea  has  been  tentatively  agreed,  then  the  workspace  can  be  designed,  firstly 
in  broud  outline,  and  then  in  detail.  Manning  levels  and  aouessibi  lity  requirements  should  have 
soma  influence  on  the  size  of  buildings  and  of  rooms.  Job  and  task  designs,  and  the  allocation  of 
funotions  to  individuals  and  to  teams,  influence  the  grouping  of  individual  workspacao  into  suites  and 
consoles,  and  the  positioning  of  thene  in  relation  to  eaoh  other.  'Hie  definition  of  faoilitiee, 
especially  display  facilities,  and  the  extent  to  whioh  they  are  for  individuals  or  shared,  influences  the 
need  for  general  wall-mounted  displays,  and  the  desirable  contents  of  them.  Such  displays  may  also  be 
influenced  by  the  need  for  each  individual  to  relate  his  roles  and  functions  to  those  of  the  system  as  a 
whole  and  to  its  aurrent  state,  whioh  a  wall-mounted  display  may  summarise.  General  nummary  displays 
may  aluo  bo  of  use  for  briefing  and  for  visitors.  The  number  and  location  of  general  wall-mounted 
displays,  the  amount  of  information  on  them,  and  the  methods  for  generating  or  projecting  the  data  which 
they  contain,  all  have  a  profound  influence  on  the  positions  whioh  suites  con  occupy  in  relation  to 
them,  on  the  general  lighting  of  the  room,  on  the  problems  of  glares,  glints,  reflsotions  and  light 
scatter,  and  on  the  size  and  layout  of  the  contents  of  tbs  control  room. 

A  problem  encountered  in  workspace  deaign  concerns  decisions  on  deceptively  simple  issues  whioh  are 
expressed  in  potentially  misleading  ways.  An  example  may  clarify  thia  point.  Soma  years  ago,  there 
was  great  debate  among  air  traffic  control  plannoro  on  the  respective  merits  of  horizontally  or  vertically 
mounted  displays  in  a  suite,  especially  radar  displays.  In  some  quarters  this  is  still  a  contentious 
subject.  As  an  issue  it  seems  simple  and  straightforward;  tha  main  benefits  and  drawbacks  of  horizontal 
and  vertical  displays  can  be  listed.  Horizontal  displays  may  more  readily  be  shared  by  a  team,  parti¬ 
cularly  for  consultation,  but  aro  awkward  to  sii  at,  difficult  to  light  from  overhead,  and  discourage 
individual  toam  members  from  acting  autonomously.  Vortical  displays  are  more  suitable  for  individuals 
but  team  members  may  have  to  ooaaaunicate  indirectly,  for  example  by  inter-console  narking.  Vertioal 
displays  are  more  comfortable  to  ait  at  and  oasier  to  fit  into  a  general  lighting  environment.  There 
are  numerous  further  differences,  including  tho  positioning  of  oontrols  in  relation  to  the  displays  and 
to  those  who  operate  them.  The  point  ie  that  the  choice  of  horizontal  or  vertical  display  will  determine 
many  of  the  communications  which  take  place  and  the  kinds  of  teamwork  whioh  can  succeed.  Therefore 
perhaps  the  coiaauni  cation  problem  should  be  solved  first  and  the  appropriate  displays  deduced.  This 
means  that  the  problem  is  not  primarily  one  of  displays  at  all.  To  be  fair,  this  issue  of  horizontal  or 
vertioal  displays  lias  to  some  extent  been  overtaken  by  other  events,  including  advances  in  automated 
communications  and  information  transfer  and  the  ergonomio  and  occupational  health  problems  associated 
with  some  horizontal  displays,  but  if  the  problem  is  solved  solely  as  a  display  problem  it  can  lead  to 
difficulties  in  other  aspects  of  the  system  and  workspace  design.  It  is  diffioult  to  Beat  a  group  of 
controllers  in  phyBioal  comfort  round  a  horizontal  display;  it  is  perhaps  comparably  difficult  for 
several  controllers  to  share  a  single  vertical  display  satisfactorily. 

In  air  traffic  control  a  change  of  responsibilities  must  take  place  smoothly  and  the  transition  must 
not  lead  to  any  disruption  of  tha  air  traffic  control  service.  Therefore  at  watch  handover  tho  workspace 
must  temporarily  aocommodate  both  incoming  and  outgoing  controllers,  without  mutual  interference. 
Occasionally  with  very  heavy  traffic  an  incoming  controller  needs  soma  time  to  learn  enough  about  the 
traffic  situation  to  take  over  the  control  of  it.  In  extremely  heavy  traffic,  the  outgoing  oontrollor 
may  be  00  busy  that  he  lias  no  time  to  explain  to  the  incoming  controller  what  he  needs  to  know  but  is  not 
evident,  and  handover  has  to  be  postponed  until  the  traffic  loading  has  eased.  This  is  rare,  because 
both  controllers  know  when  tho  watoh  handover  is  due  and  try  to  plan  to  allow  it  to  take  place.  The 
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point  is  that  unless  the  workspace  is  designed  to  take  each  rare  hut  vital  circumstances  into  aooount, 
then  lack  of  physical  space  may  males  a  safe  handover  more  difficult  or  impossible. 

Such  general  points  have  to  be  settled  in  the  workspace  design  before  the  details  of  the  layout 
of  each  operating  position  can  be  settled.  It  is  always  possible  that  when  each  poeition  is  being  laid 
out,  no  safe  or  efficient  layout  oan  be  devised,  and  a  revision  of  the  tusk  designs  io  called  for,  which 
entails  ohanges  in  equipment  and  reeponsibilities  and  a  re -examination  of  decisions  about  workspace 
layout  at  a  more  general  level.  Such  problems  usually  occur  because  of  attempts  to  pack  too  many 
facilities  into  too  little  space,  and  therefore  oan  be  foreseen.  When  the  stage  of  laying  out  each 
position  has  been  reaohad,  handbook  data  can  be  used  as  a  guide  and  as  a  basis  of  a  checklist  of  rele¬ 
vant  human  faotors,  but  specific  handbook  recommendations  must  never  be  applied  uncritically  in  any 
air  trsffio  control  context  without  interpretation  by  experienced  human  faotors  specialists.  For  a 
variety  of  reasons,  the  figures  oitod  in  human  faotors  handbooks  generally  have  to  be  modified  for  air 
traffio  control  applications. 

In  the  past,  workspace  design  has  often  included  physical  models  and  mock-ups,  life-size  or  at 
reduced  scales,  so  that  those  concerned  can  envisage  what  the  workspace  would  look  like,  and.  can  oooment 
on  it  and  modify  it  before  they  are  committed  tc  build  it^Sillo,  These  techniques  will  continue  to  be 
useful  but  oan  now  be  supplemented  by  computer  models  as  a  tool  of  workspace  design.  These  models  may 
take  various  forms:  the  physical  and  environmental  constraints  can  be  specified  bp*  computer  programmes 
and  the  computer  instructed  to  formulate  one  or  more  layouts  which  will  satisfy  all  requirements, 
varying  the  relative  importance  of  various  factors.  Computer  graphios  and  drawing  modes  can  be  used  to 
generate  a  visual  impression  of  layouts,  and  to  view  these  ayntheeised  visual  impressions  from  a  variety 
of  perspectives.  Proposed  ohanges  oan  be  examined  by  tine  moans  without  the  need  to  build  any  consoles. 
This  method,  potentially  a  valuable  aid  to  planning  and  to  the  verification  of  workspace  layout,  is 
critically  dependent  on  the  correctness  and  oomprehenoiveness  of  the  data  fed  into  the  oomputer  and  on 
tho  instructions  to  it.  A  crucial  condition  of  its  success  is  that  no  important  factor  has  been 
forgotten. 

7b  THE  PHYSICAL  ENVIRONMENT 

The  main  oharaoteristios  of  the  physical  environment  relevant  to  air  traffio  control  are  its  ther¬ 
mal  attributes,  noise  levels,  radiation,  and  visual  appearance,  this  last  being  a  product  of  room  size, 
lighting  and  the  colours  and  textures  of  surfaces.  For  many  of  these  oharaoteristios,  there  are 
recommended  national  standards  and  tolerances.  These  must  be  adhered  to  whenever  possible.  Sometimes 
however,  they  have  to  be  compromised,  perhaps  grossly,  to  overcome  technological  limitations:  the 
need  to  compromise  is  less  oommon  now  than  in  tho  past. 

The  Thermal  Environment 

In  dealing  with  the  thermal  environment  in  air  traffio  control,  it  is  best  to  treat  controllers  os 
sedentary  und  os  not  making  much  physioal  effort,  as  distinct  from  mental  effort,  in  the  course  of  their 
work,  although  a  few  air  traffio  oontrol  personnel,  notably  supervisors  and  assistants,  may  not  be 
sodentary  for  much  of  the  time. 

Thoorc commended  air  tempurajura  for  reasonable  comfort  in  an  uir  traffio  oontrol  environment  is 
about  2I°C,  or  at  least  within  2°C  of  this  level  in  most  European  environments.  In  tho  United  States, 
a  figure  of  24°C  mey  ba  more  roadily  equated  with  optimum  oomfort.  Clothing  io  usually  light,  and 
shirt  sleeves  are  common  among  air  traffio  control  workers.  Much  air  traffio  oontrol  equipment  generates 
considerable  heat  which  must  be  ducted  away  and  not  become  a  major  source  of  radiant  heat  for  the  air 
traffio  oontrol  oporator.  If  an  air  traffio  control  centre  contains  large  windows  in  the  work  environ¬ 
ment,  it  iB  usually  necessary  to  draw  blinds  over  them  to  prevent  high  temperatures  and  excessive  light 
levels  in  dirsot.  sunlight.  In  air  traffio  oontrol  towers,  although  heat  oan  ba  a  problem,  the  various 
means  to  keep  sound  levels  down  often  also  reduce  the  effects  of  outside  temperature  on  the  interior. 

The  correct  temperature  will  not  ensure  oomfort  itiless  the  humidity  in  reasonable.  A  humidity 
figure  of  aroma  505$  is  usually  appropriate,  humidity  being  measured  by  comparing  the  percentage  of 
moieture  present  in  the  air  with  the  amomt  of  moisture  needed  to  saturate  it.  Although  some  departure 
from  humidity  is  tolerable,  levels  above  are  usually  interpreted  as  humid  and  stuffy  and 
clothing  utarts  to  become  uncomfortable,  and  low  humidity  levels  can  lead  to  dryness  in  the  throat  and 
perhaps  coughing. 

The  third  main  determinant  of  thermal  comfort  at  work  is  air  movement.  As  a  general  rule,  the  air 
should  move  sufficiently  to  be  just  doteotable  at  the  workspace.  Uidor  reasonable  temperature  and 
humidity  conditions  this  movement  is  aroiad  10  metres  per  minute.  Raster  air  movement  may  be  tolerated, 
and  even  welcomed  if  the  air  is  hot  or  humid,  but  can  ba  interpreted  as  a  draught,  particularly  if  the 
air  is  oold.  Slower  movement  may  be  preferred  if  the  air  io  cold,  but  the  aim  should  be  to  maintain 
temperature,  humidity  and  rate  of  air  movement  at  near  optimum  levels.  Careful  planning  of  air  intakes, 
fans,  and  forced  air  movements  is  needed  to  take  account  of  the  position  of  each  operator  in  relation 
to  the  room  and  especially  in  relation  to  the  furniture  which  disrupts  the  air  flow.  Fans  mint  not 
be  a  source  of  noise  in  the  environment.  If  smoking  is  permitted,  smoke  should  be  ducted  awsy. 

Noise  Levels 

These  are  important  for  the  efficiency  and  safety  of  air  traffio  oontrol.  The  noise  environment  in 
air  traffio  control  iB  imusual.  In  many  towers  and  looal  oontrol  centres,  though  not  in  the  most 
modern  air  traffio  oontrol  centres,  it  is  possible  to  hear  the  noise  from  aircraft.  The  work  environment 
has  to  be  provided  with  sound  insulation  to  ensure  that  airoraft  noise  does  not  interfere  with  the  oon¬ 
trol  of  aircraft  traffio.  In  some  environments,  such  a a  temporary  control  oabins  sited  near  the  end  of 
runways,  the  r.oieo  of  departing  and  arriving  aircraft  may  provide  confirmation  to  the  controller  that  an 
airoraft  undar  his  oontrol  which  he  cannot  actually  soe  has  taken  off  or  landed,  but  this  Is  not  a 
desirable  way  of  organising  air  traffio  oontrol.  Extraneous  noise  should  very  largely  be  excluded. 


though  not  necessarily  to  tbs  extent  that  take  offs  cannot  ha  heard  at  all. 

Air  traffic  oontrol  relios  heavily  on  speech,  and  that  speech  ia  of  three  distinct  kinds  “  between 
controllers  and  pilots  via  R/T  channels,  between  controllers  and  other  controllers  in  the  sains  environ¬ 
ment  by  direot  speech,  and  between  controllers  and  a  variety  of  others  using  telephone  licks.  The 
controller  therefore  not  only  lias  to  wears  headset  through  which  he  can  hear  messages;  he  may  have  to 
use  a  telephone  without  taking  off  his  headset,  and  may  have  to  hear  what  his  colleague  next  to  him  is 
saying  to  him  direotly  while  also  hearing  what  is  said  through  the  headsat  or  a  telephone.  Castellated 
aarmuffs,  with  or  without  oovera,  may  maintain  user  comfort,  and  enable  H/T  massages  to  be  heard  without 
attenuating  extraneous  sounds  and  conversations  too  much.  The  problem  of  striking  the  correct  balance 
between  these  throe  kinds  of  spoken  messages  is  difficult  enough  to  solve  by  trying  to  specify  appropriate 
headsets  and  hearing  conditions  without  aggravation  of  the  problem  because  the  controller  has  to  oontond 
with  extraneous  baokgroind  noises  as  well.  It  is  desirable  in  air  traffio  control  envi ronmanta  to  keep 
the  background  noise  level  down  to  about  60  db  at  most,  and  preferably  not  above  55  db,  and  to  quell 
noise  as  much  as  possible.  Air  conditioning  should  not  require  noisy  fans  or  ducting,  nor  should  any 
installations  within  consoles  and  other  air  traffio  control  furniture*  intended  to  remove  the  heat 
generated  whenever  equipment  is  switched  on. 

Some  environmental  noise  is  inevitable  but  mush  of  it  can  be  reduced.  Soixid  absorbent  plaster's  and 
wall  coverings  can  inane  a  large  contribution.  Acoustio  tiles  on  ceilings,  and  if  necessaiy  on  walls  as 
well,  oan  absorb  much  unwanted  noise.  Well  hinged  and  properly  maintained  doors  should  not  squeak,  and 
compressed  air  attachments  to  doors  should  assure  that  they  olose  quietly.  Much  of  the  noise  of  movement 
can  be  deadened  by  suitable  floor  coverings.  Hood  quality  carpeting,  preferably  with  an  appropriate 
underlay,  can  absorb  much  of  tha  sound  from  even  the  noisiest  footwear.  The  opportunity  should  be  taken, 
particularly  in  large  oontrol  centres,  to  choose  floor  coverings  which  also  impose  a  pleasant  visual 
texture  on  the  environment.  Tufted  carpeting  or  carpet  tiles  are  preferable  to  plain  carpeting  for  thi6 
purpose  and  the  latter  may  be  the  only  moons  to  deaden  sound  on  floors  effectively  in  environments  with 
false  floors  and  removable  panels  for  maintenance. 

If  noise  le  els  are  high,  all  speech  must  bo  loudsrt  this  in  turn  maxes  messages  more  difficult  to 
hear,  and  speoch  has  to  be  amplified  more  to  be  heard.  Speech  which  cannot  be  amplified  very  much,  for 
example  over  the  telephone,  may  become  difficult  to  hear  unless  it  is  spoken  very  loudly;  this  in  turn 
leads  to  louder  oompeting  messages  in  the  work  environment.  High  noise  levels  therefore  tend  to  be  ueli- 
perpatuating,  and  they  forao  louder  and  louder  epeuoh  to  maintain  intelligibility.  Auditory  warnings  or 
signale  become  unreliable  or  unusable.  Messages  are  misheard  more  often  and  have  to  be  repeated.  Errors 
occur  and  mieunderstandinge  arise.  A  noisy  environment  has  no  advantages.  Everyone  can  be  much  quieter 
in  an  environment  which  is  quiet  to  begin  with. 

Radiation 

Radiation  ia  not  a  hazard  in  air  traffio  control  environments.  Safety  standards  are  clear  and 
generally  enforoed,  and  the  equipment  currently  marketed  doeo  not  have  emissions  which  approach  hazardous 
levels,  even  in  full-time  use.  The  emiaoions  from  modern  visual  display  units  are  so  low  that  they  are 
difficult  to  measure.  Rir  the  air  traffic  controller,  the  radiation  emissions  within  his  home  environ¬ 
ment  are  likely  to  be  as  high  as  those  at  work.  The  user  of  equipment  is  therefore  not  subject  to 
radiation  hazards.  Nor  should  maintenance  sxaff  be*  provided  that  they  adhere  to  the  laid  down  safety 
procedures. 

Visual  Appearance 

The  first  determinant  of  visual  appearance  ie  tho  adequacy  of  the  dimtmeions  of  the  building,  room 
and  workspace  for  the  work  that  ia  done  there.  A  large  room  Bhould  be  quite  high  to  maintain  pleasant 
visual  proportions,  and  particularly  to  accommodate  any  general  wsll-mounted  displays.  A  further  benefit 
of  height  is  to  permit  reasonably  uniform  lighting  levels  throughout  and  to  oonvay  an  impression  of 
spaoiousneas. 

Adequate  provision  for  accessibility,  watch  handovor,  on-nito  maintenance,  on-the-job  training, 
supervision,  and  cleaning  and  servicing  in  a  continuously  manned  environment  can  be  aided  greatly  by  the 
optimum  use  of  the  space  available,  and  oan  foster  the  impression  of  an  ordered  and  unolutterad  environ¬ 
ment.  It  ia  diffioult  to  convey  on  impression  that  good  quality  work  is  being  done  in  a  physical 
environment  which  looks  like  a  shambles,  even  though  the  two  factors  may  not  in  fact  be  olosely  related, 
and  the  disarray  may  be  the  inevitable  outcome  of  Inadequate  space  or  of  bud  design,  rather  than  the  fault 
cf  those  who  work  there.  On  the  other  hand,  the  oocupants  of  the  workspace  oan  reduce  the  visual 
attractiveness  of  thsir  work  environment  by  leaving  chairs  and  other  movable  items  in  disorder.  When 
care  has  been  lavished  on  providing  a  visually  pleasant  appearance  ,  there  is  soma  obligation  on  the 
oocupants  to  keep  it  bo. 

The  lighting,  and  its  interaotionB  with  the  colours  and  textures  of  visual  surfaces,  determines  the 
suitability  of  the  visual  environment  for  the  tasks.  Certain  guiding  principles  are  relevant  in  every 
air  traffio  control  environment: 

(1)  The  level  and  spectrum  of  ambient  lighting  must  be  compatible  with  the  levels  of  luminous 
information  on  displays  and  with  the  oharaoteri sties  of  display  phosphors. 

(2)  Clares  and  reflections  should  be  minimised,  and  serious  sources  of  either  must  be  removed. 

(3)  Lighting  levels  throughout  the  workspace  should  be  fairly,  but  not  exactly,  uniform:  in 
particular,  pools  of  light  or  darkness  should  be  avoided. 

(4)  The  colours  of  the  environment  should  be  chosen  with  a  full  knowledge  of  the  lighting  and  of 
the  appearance  of  surfaoes  in  aeoh  colour  when  lit  by  the  lighting  to  be  installed. 
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(5)  Lighting  should  generally  be  from  diffused  souroes  rather  than  localised  spots,  to  minimise 
shadows  and  promote  uniformity. 

(6)  Colours  of  surfaces  should  generally  be  matt,  msaturated,  and  light. 

An  appearance  which  gives  the  impression  of  cure  and  thought  in  the  design  may  be  more  important  than  the 
choice  of  particular  colours.  The  visual  environment  should  be  designod  as  a  whole,  including  the 
colour  and  texture  of  all  furniture,  floor  coverings,  walls,  and  ceiling.  For  flooring,  carpet  tiles  in 
two  neutral,  pastel,  fairly  light  oolours  which  do  not  contrast  sharply  with  each  other  can  provide  the 
best  solution  because  they  impose  a  visual  texture  on  the  environment  so  that  its  general  size  and 
dimensions  can  be  clearly  gauged,  and  because  they  have  the  advantage  of  being  selectively  replacable 
in  the  event  of  localised  wear  or  damage. 

Hot  so  long  ago,  moat  air  traffio  control  environments  wore  dark,  and  ambient  ;hting  levels  had 
to  be  kept  low  in  order  to  ensure  that  the  information  on  displays,  especially  -on  radar  displays,  could 
be  olearly  seen-  Also,  displays  sometimes  flickered,  a  condition  whioh  oan  be  annoying,  obtrusive  and 
distraoting,  and  whioh  led  to  many  complaints.  Flicker  also  produced  horrific  accounts  of  mainly 
mytho logical  deleterious  effects  on  well-being,  for  which  objective  supporting  evidence  was  hard  to  find. 
Nevertheless,  although  evidence  for  its  adverse  effects  is  sparse,  except  in  the  range  8-14  hertz  whioh 
is  rarely  encountered  in  real-life  tauks,  flicker  should  not  be  tolerated  when  it  does  not  have  to  be. 
Hodom  display  tsohnology  has  largely  removed  both  the  dark  air  traffio  control  environments  and  the 
flickering  displays. 

There  is  normally  no  diuoemible  flicker  in  displays  whioh  operate  at  50  or  60  hertz,  and  no  eerious 
problems  in  air  traffio  control  environments  at  renewal  rates  above  about  35  harts.  This  lattsr  figure 
depends  on  the  size  of  the  display,  the  amount  of  information  on  it,  how  the  renewal  of  information  is 
synchronised,  the  light  output  of  the  luminous  oharaaters  or  data  on  the  display,  the  ambient  lighting 
level,  the  decay  rate  of  the  phosphor,  the  nature  of  the  t&ak,  the  dwell  times  and  eye  movements  pat¬ 
terns  of  the  operator,  and  individual  operator  characteristics  such  as  visual  eyesight  standards  and 
age. 


The  aim  should  be  to  produce  air  traffic  oontrol  visual  environments  at  or  a  little  below  the 
visual  lighting  levels  recommended  for  offices .  It  is  reasonable  to  aim  for  an  illumination  levol  of 
aroixid  500  lux'1?.  Tfcnre  is  nothing  uuorosanot  about  this  figure  and  affioient  air  traffio  control  oan 
be  oonduotsd  at  other  levels  without  any  adveruu  el'faotu  on  operators  provided  that  the  tasks  and 
equipment  ore  planned  for  those  other  levels.  A  level  of  50°  lux  should  oertainly  not  be  achieved  at 
the  cost  of  reducing  the  visual  contrast  of  the  information  on  any  display  so  that  it  becomes  difficult 
to  lead,  or  of  making  herd  copy  seem  much  brighter  titan  the  information  on  visual  display  txiits.  Of 
overriding  importance  is  adequate  but  not  excessive  contrast  for  all  displayed  information,  and  a  good 
balance  between  all  the  surfaoeu  whioh  the  man  must  look  at  regularly  in  the  course  of  hie  normal  tasks. 
Just  so  it  is  undesirable  to  have  frequently  used  information  at  different  visual  distances  bo  that  the 
man  must  re-foous  overy  time  he  looks  from  ono  to  the  other,  so  it  is  also  undesirable  to  have  information 
sources  grossly  different  in  brightness  so  that  the  pupil  eizo  of  the  man  ohanges  substantially  whennver 
he  looks  from  one  to  the  other. 


Souroea  for  the  recommendations  in  thia  Section  tend  to  be  scattered,  but  any  handbooks  of  ergonomics 
data11^11^  form  a  useful  starting  point. 

70  SUITES  AND  CONSOLES 


The  approximate  petitioning  of  suites  within  the  oontrol  room,  and  their  positiono  in  relation  to 
each  other,  should  be  known  before  the  detailed  opooifi  cations  for  particular  suites  and  consolou  are 
drown  up.  This  is  necessary  because  of  the  interactions  between  the  locations  of  consoles  and  their 
specifications;  moat  notably,  the  height  of  a  suits  or  console  must  be  greatly  reduced  if  the  operator 
has  to  be  able  to  look  over  it  to  see  wall-wmunted  displays  -  Although  wall-mounted  displays  win  oh  summa¬ 
rise  the  current  state  of  the  system  oan  have  a  useful  role,  the  operator's  tasks  should  not  require  him 
to  look  at  both  wall-mounted  displays  and  en  suite  displays,  with  frequent  changes  between  them,  in  order 
to  obtain  essential  information, 


Uacoiaaended  stages  in  the  development  of  sector  suites  and  consolos  are  Job  analysis;  profile 
opacification;  determination  ol  the  relative  location  of  displays,  controls  and  comm uii cation  facilities; 
verification  of  reaoh  and  viewing  distances;  considerations  of  ths  interactions  with  the  physical  environ¬ 
ment;  implications  for  the  well-being  and  occupational  health  of  the  operators;  and  final  evaluation  . 

In  designing  suites  and  consolos  it  is  uecessary  to  know  ail  the  facilities  whioh  have  to  be 
incorporated  in  them  and  the  constraints  whioh  will  govern  their  use.  The  main  information  used  in  their 
design  can  be  sunxoariaed  as  follows: 

(1)  Hie  number,  size  and  relative  importance  of  displays,  and  the  envisaged  relationships  between 
them  in  terms  of  their  contents,  sequence  of  use,  frequency  of  use,  and  expected  patterns  of 
eye  movements . 

(2)  The  controls  and  input  devices,  their  sizes,  sensitivity  and  actuation  forces,  their  sequence 
and  frequency  of  use,  their  relationships  to  each  other,  and  their  relationships  to  displays- 

(3)  Communications  faoilitieu,  their  type,  location,  bulk,  pattern  of  usage,  and  poeitioning  and 
stowage  when  not  in  use. 

(4)  The  allocation  of  usage  of  displays,  coni  role  and  commuaj  cations  among  team  members,  in  relation 
to  constraints  of  viewing  distances  and  angles,  and  reaoh  distonoeB;  Jointly  used  facilities 
whioh  have  to  meet  the  viewing  and  reach  distance  constraints  imposed  by  more  than  one  operating 
position;  duplications  of  usage  where  the  sharing  of  faoilitieB  would  lead  to  excessive  inter¬ 
ference  or  unwanted  interactions  between  operators. 


58 


(5)  Operational  nesdn,  relevant  ergonomic  evidence,  and  anticipated  decrements  or  penalties  for 
tailing  to  aomply  with  minimum  orgonomio  standards!  the  a pooii’i cation  of  more  information 
displays  to  meet  operational  needs  than  can  possibly  be  aocommodated  within  a  console,  without 
violating  ergonomic  oriteria  of  width,  height,  viewing  distances  or  reach  distances, 

(6)  Other  inoidental  requirements  including  the  accommodation  of  job  aide,  manualB,  instructions 
and  haid.  copy,  the  provision  of  writing  surfaces,  of  adequate  support  for  elbows,  wrists  and 
hands,  for  ashtrays  if  smoking  is  permitted,  and  for  cups  if  these  are  allowed. 

(7)  Individual  differences  between  operators,  especially  those  related  to  well-being,  such  as 
minimum  medical  standards  of  eyesight  and  posture. 

(8)  Anthropometric  data  on  the  range  and  distribution  of  body  BizeB  to  be  accommodated  at  the  suite 
or  console . 

In  some  contexts,  where  the  tasks  are  relatively  simple  and  the  number  of  display*  and  controls  at 
each  operating  position  is  small,  it  is  possible  to  introduce  some  flexibility  in  the  doBign  of  euitso 
and  consoles.  A  single  display,  a  word  prooeesor  on  a  doom  for  example,  may  be  moved  about  to  suit  the 
wishes  of  the  individual  operator,  and  associated  keyboards  may  be  treated  in  the  same  way.  Such 
flexibility  iH  precluded  by  ‘  <ie  complexity  of  moat  air  traffic  control.  taukB  with  their  need  to  accommo¬ 
date  numerous  displays  and  controls  within  the  consoles,  and  also  by  the  requirement  to  match  the 
console  design  with  the  specified  physical  environmont,  especially  the  lighting.  The  task  of  eliminating 
all  major  sources  of  glare  and  reflections  in  a  largo  control  room  ie  daunting  enough  when  all  displays 
are  fixed  so  that  with  oare  all  the  sources  of  glare  and  ref lections  oan  at  least  be  predicted;  it  con 
became  impossible  if  numerous  single  displays  con  be  moved  about  at  will. 

Figures  1,  2  and  3  illustrate  soma  reoommended  dimensions  for  console  profiles,  based  on  European 
and  north  American  antliropometrio  data,  and  assuming  that  the  controller  may  bo  either  a  man  or  a  woman. 

The  adjustments  to  be  allowed  for  would  be  different  if  only  men  or  only  women  had  to  be  aoconmiodated 
because  of  the  substantial  differences  in  their  average  body  sir, os.  If  the  size  of  the  whole  population 
to  be  aocommodatod  is  substantially  different  from  that  of  European  and  North  American  populations,  as 
it  would  be  in  the  caso  of  Japanese  controllers  lor  example  with  significantly  smaller  body  Bizos  and 
reach  distances,  then  the  whole  console  design  should  be  different,  inoluding  a  lower  shelf  height, 
shorter  shelf  depth,  and  perhaps  different  display  angles  to  take  account  of  lower  average  eye  positions. 

Idealised  profiles  are  given  in  figure  1  for  a  oonsole  housing  a  large  radar  diuplay  on  the  axis 
DC,  and  in  Figure  2  for  a  oonaole  housing  smaller  dieplaye  witn  a  greater  provision  above  eye  level  for 
control  panels  and  displays  which  are  used  leas  often  or  rarely,  ouch  ae  thoso  for  sotting  up  equipment 
or  which  function  as  sncillaiy  memory  aids.  Those  two  figures  illustrate  the  application  of  the  samo 
prinoiploo  to  moot  different  requirements.  The  starting  point  is  the  anth-o  porno  trio  data  from  whioh 
ranges  of  adjustment,  olearsnaea,  and  reach  and  viewing  distances  oan  be  derived121. 

The  console  profile  is  designed  as  a  whole  and  ettoh  surface  interaote  with  othora.  It  may  therefore 
bo  diffioult  to  know  whore  to  begin  when  designing  it.  Probably  the  dimension  whioh  it  is  bast  to 
determine  first  is  the  height  of  the  upper  surface  of  the  shelf  at  the  front  edge  nearest  to  the  operator. 
Normally  this  should  not  exooed  720  mni,  the  hoight  shown  in  the  figures.  It  oan  bo  lower,  subjeot  to 
constraints  of  thigh  clearances  and  shelf  thickness  ,  but  it  should  not  be  lower  than  640  mm.,  and  this 
is  permissible  only  with  a  vegy  thin  shelf.  The  maximum  thickness  of  the  shelf  at  the  front  is  about 
80  mm.  whioh  is  a  tolerable  but  never  a  dosirablo  figure.  This  must  be  associated  with  a  height  of 
720  mm.  and  loaves  no  flsxibility  whatever  to  take  aooomt  of  othur  faotors. 

The  shelf  itself  may  bo  flat  (Pig.  1),  or  sloping  (Fig.  2).  A  sloping  shelf  is  usually  intended  to 
accommodate  input  dovioeu  which  themselves  elope,  to  make  them  easier  to  use:  examples  are  stepped  rows 
of  keys,  or  touch  sensitive  surfaces  whioh  funotion  either  as  controls  or  as  oombined  controls  and  displays. 
The  shelf  may  also  slopo  to  help  to  reduce  the  excess  space  nsoded  to  house  small  displays  (axis  CD  in 
Fig.  2)i  alternatively  it  may  be  flat  to  facilitate  the  incorporation  of  large  displays  without  extending 
tho  top  of  such  displays  above  the  level  of  ths  eye  (Fig,  1).  TWo  further  influences  on  shelf  angle 
should  be  noted.  Firstly,  tho  extent  to  whioh  room  lighting  oan  induce  glare  or  sheen  may  depend  partly 
upon  shelf  angle  and  therefore  the  interactions  botween  shelf  angle  and  room  lighting  must  be  considered. 
Secondly,  tho  shelf  oan  be  used  for  a  multitude  of  other  functions,  inoluding  writing,  reading  hard  copy 
and  job  aids,  and  holding  coffee  cups  without  spillage  -  roost  of  these  functions  favour  a  flat  shelf. 

A  depth  of  about  300  mra,  is  normally  recommended  for  the  upper  surface  of  the  shelf.  This  depth  can 
be  increased  slightly  to  aocommodate  squipment,  but  not,  by  much  if  short  operators  roust  be  able  to  reaoh 
and  operate  oomforta'oly  controls  in  oootion  BC  (Fig.  1 )  or  CD  (Fig.  2).  As  far  as  possible,  tho  front 
part  of  the  upper  surfaoe  of  the  shelf,  perhaps  the  120  min.  or  so  nearest  to  the  operator,  should  not 
contain  any  controls  but  should  provide  a  smooth  surface  for  hands,  wriotB  or  elbows  to  rest  on.  A 
deeper  section  of  at  least  part  of  the  upper  surface  of  the  shelf  should  be  kept  clear  of  oontrols  if 
extensive  roading  or  writing  is  required  regularly  as  part  of  the  tasks,  Tho  front  vertioal  surface  of 
the  shelf,  depicted  as  20  mm.  thick  in  the  Figures,  can  aocommodate  sockets  for  plugs  and  a  few  setting 
up  controls  if  necessary,  hut  those  should  be  recessed  and  not  placed  centrally  in  the  console. 

The  position  and  dimensions  of  the  shelf  top  having  been  determined,  progress  can  be  made  with  the 
other  oonsole  dimensions.  All  displays  above  the  shelf  have  to  be  related  to  eye  position;  although  it 
is  possible  to  postulate  an  ideal  eye  position  and  use  it  to  fix  the  positions  and  angles  of  displays,  it 
is  better  to  establish  first  whether  the  ideal  position  is  attainable,  sinoe  major  discrepancies  from  it 
would  warrant  revisions  of  display  angles  in  particular,  and  these  in  turn  oan  affeot  other  faotors  such 
as  the  positioning  of  light  fitments.  The  next  desirable  step  is  therefore  to  establish  the  eye  height. 

A  reasonable  eye  height  for  a  seated  operator  working  at  an  air  traffio  control  console  is  1150  mm., 
or  thereabouts.  This  recommended  height  presumes  that  in  his  normal  working  posture  he  leans  forward 
so  that  his  eye  position  in  relation  to  the  shelf  is  approximately  as  drawn  in  Figures  1  and  2,  and  that 
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ha  does  not  normally  oit  baalc  and  upright  while  working,  although  ho  may  occasionally  ait  hack  to  view 
a  largo  diameter  display  as  a  whole,  and  his  viewing  distance  may  then  become  about  750  mm-  instead  of 
the  more  ouatomary  420-450  mm.  Hoot  if  not  all  the  controls  would  be  out  of  roach  of  an  operator  sit¬ 
ting  back  and  this  cannot  thoreforo  bo  a  normal  working  position  and  should  not  be  used  in  determining 
display  locations. 

The  sya  height  of  II5O  mm  includes  a  oorroction  for  3lump,  the  normal  slightly  hunched  and  relaxed 
working  posture  which  roduaas  eye  height  by  80-1  GO  mm.  and  increases  the  downward  viewing  angle  by  a 
few  degrees,  compared  with  the  more  straight  backed  and  rigid  poHture  more  often  associated  with  self- 
conscious  oiroumstances  such  as  being  measured  anthropometri cally ,  rather  than  with  real-life. 

Although  ideally  11JO  mm  is  the  eye  height  for  all  operators,  and  io  achieved  by  appropriate  adjust¬ 
ments  to  the  seet  height,  in  faot  conaiderablo  variations  in  eye  height  may  occur  because  of  individual 
differences  in  postural  preferences  or  because  individuals  do  not  know,  or  fail  to  make,  appropriate 
adjustments  to  the  seat.  The  range  of  float  adjustment  of  iOOmm.is  not  generous,  but  the  upper  limit  is 
set  by  the  need  to  maintain  adequate  thigh  clearance  between  tie  seat  top  and  the  undemoath  of  the 
shelf  (a  minimum  cloaranca  of  200  mm  is  the  usual  recommendation),  and  the  lower  limit  is  sot  by  comfort 
and  by  the  need  to  reaoh  controls.  In  air  traffic  control  workspaces,  tall  poople  usually  s.it  high,  and 
short  ones  low,  a  borderline  dooision  diotated  by  operators'  wishes  more  than  by  ergonomic  optimisation. 

It  should  be  noted  that  there  aro  two  separate  and  incompatible  principles  which  may  be  followed  in 
designing  consoles  and  seating.  Handbooks  generally  fail  to  draw  the  distinction  between  them.  One 
principle,  more  commonly  deaoribod  in  handbooks  and  adopted  when  the  displays  themselves  and  perhaps  the 
shelving  aro  adjustable,  moans  that  a  short  operator  will  sit  low  and  a  tall  operator  high  to  bo 
comfortable:  as  a  result  there  are  considerable  variations  in  eye  position,  viewing  angle  and  viewing 
distance  and  these  aro  compensated  for  by  repoeitioning  th  equipment;  a  footrest  is  leee  necassary.  The 
other  principle  is  preferred  with  displays  that  are  in  complex  and  constrained  environments  like  aircraft 
cockpits,  particularly  when  variable  eye  positions  may  pose  insuperable  problems  in  preventing  glares  and 
reflections  for  all  operators:  the  aim  is  to  achieve  a  singlo  optimum  eye  position  for  all  oporatoi'B, 
and  the  tall  operator  tonds  to  ait  lower  than  the  short  one  to  attain  the  recommended  eye  height,  and 
further  baok  than  the  short  one  to  have  comfortable  reaoh  distances  for  the  manually  operated  controlu: 
a  tall  operator  needs  ample  leg  room  and  a  short  operator  may  need  a  footrest.  The  extent  of  fore  and 
aft  adjustments  of  the  seat  desponds  on  whether  there  are  any  foot-actuated  controlu. 

In  air  traffio  control  it  can  bo  difficult  to  position  foot  switches  30  that  everyone  can  uso  them 
comfortably.  If  foot  switohos  are  employed,  they  Bhould  have  a  Bimple  on-off  function  so  that  usage  of 
them  is  not  continuous  or  prolonged.  It  may  sometimes  be  necessary  to  make  their  position  adjustable. 

A  footrest  should  not  be  fixed.  Whereas  a  tall  operator  may  want  to  dispense  with  it  altogether,  a 
short  operator  may  want  to  set  it  high  and  bring  it  olosor  to  him  (or  more  probably  her).  The no  two 
dimensions;  of  desirable  easy  adjustment  for  footrests  are  not  independent. 

The  depth  of  the  seat  ohould  bo  about  330  mm.  The  seat  should  be  horizontal.  If  it  is  tipped,  the 
front  should  bo  slightly  higher  than  the  back  and  the  Beat  should  not  slope  by  mors  than  5  degroos  from 
the  horiaontal.  Armrests  are  a  oontentious  issue;  on  the  whole  they  are  moro  trouble  than  they  are 
worth  in  most  air  traffio  control  contexts.  They  must  be  set  low  to  remain  olear  of  the  shelf  when  the 
seat  is  at  its  highest  adjustment,  and  they  con  get  in  the  way  when  members  of  a  control  team  aro  sharing 
facilities,  particularly  whore  adjacent  chairs  both  have  armrests.  0y  contrast,  there  ie  no  doubt  at  all 
that  the  ohair  iteelf  should  incorporate  adequate  support  for  the  back,  in  tho  form  of  adjustable  lumbar 
support  and  preferably  some  support  for  the  upper  back  also,  whioh  the  operator  oan  feel  whenever  he 
eite  back. 

To  accommodate  the  longest  thighs  in  comfort,  the  underneath  of  the  shelf  should  extend  bade  at 
least  460  mn.  in  tho  whole  region  tlmt  the  operator  may  occupy.  At  ground  level,  epaoe  should  extend 
bade  at  least  75^  from  the  front  of  tho  shelf.  This  figure  is  a  minimum;  it  is  dosirable  to  provide 
more  room  if  poesiblo,  eo  that  tall  operators  can  straighten  their  lugs  if  they  wish  without  encountering 
the  console. 

When  the  eye  position  lias  been  established,  oithor  an  ideal  one  or  a  revisod  one  to  take  aooount  of 
particular  restrictions,  the  layout  of  displays  and  their  viewing  angles  and  distances  can  be  settlad. 

The  general  principles  are  that  the  operator's  line  of  sight  should  be  approximately'  porpondioular  to  the 
centre  of  tho  display,  and  that  the  whole  of  frequently  viewed  display's  Bhould  lie  below  the  horizontal 
through  the  operator's  sye  level.  If  there  is  only  one  display,  a  downward  viewing  angle  of  about  15  de¬ 
grees,  with  a  consequent  angle  of  mounting  of  tho  display  at  75  degreos  from  the  horizcntul,  is  about  the 
optimum,  but  in  air  traffio  control  there  are  likely  to  bo  several  displays  at  oaoh  work  por-'tion,  and 
they  all  have  to  be  fitted  in.  In  Figure  1,  representing  a  large  display  on  axis  BC,  the  requirements  of 
the  viewing  angle  leave  little  scope  for  varying  the  angle  at  which  the  display  oan  bs  placed  and  there¬ 
fore  at  whioh  other  smaller  displays  on  tho  same  axis  must  lie.  Othor  displays  whioh  are  viewed 
frequently  should  be  aooomswdated  on  the  some  axis  alongside  tho  large  one.  Within  reason,  horizontal 
hood  and  eye  movements  are  proforablo  to  vortical  ones  If  they  have  to  be  performod  frequently;  there  is 
there  fore  a  preference  to  locate  displays  alongside  eaoh  other  rather  than  one  above  tho  other,  if  there 
is  room.  In  Figure  2,  the  main  displays  would  be  on  the  axis  CD,  with  those  referred  to  lose  frequently 
on  axle  BC.  In  both  Fig3  1  and  2,  the  panel  AB  should  contain  only  displays  whioh  are  rarely  used. 
Controls  associated  with  a  specific  display  and  not  used  often,  for  example  for  setting  up,  may  be  beside 
the  appropriate  dioplay.  Frequently  used  controls  should  all  be  on  the  shelf.  It  ie  important  to  lay 
out  the  workspace  so  that  the  relationships  between  displays  and  controls  aro  olear. 

Figure  3  shows  reach  distancea,  and  the  relative  positioning  of  operators  sitting  alongside  each 
other  and  sharing  a  suite.  Controls  whioh  both  operators  must  use  should  be  placed  within  the  minimus; 
reach  distancea  for  operators  in  betn  positions.  Some  controls  are  more  suitable  than  others  for 
effeotlvc  use  with  the  non-preferred  hand  (e.g.  a  jelling  ball  has  till  a  advantage,  ajid  s  light  pen  has 
not),  and  this  may  be  an  important  attribute  when  determining  the  preferred  location  for  a  control 
designed  to  be  shared.  A  display  whioh  is  intended  to  be  viewod  by  more  than  one  operator  has  to  be 
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sited  to  facilitate  this,  with  due  regard  for  the  implications:  alphanumeric  characters  arc  viewed  at 
an  angle;  approaoh  angles  on  a  plan  position  display  may  be  misjudged!  unwanted  parallax  effects  may 
oocur;  many  more  sources  of  glare  and  reflections  may  bo  encountered  and  have  to  bo  circumvented;  cto. 

The  distanco  between  the  centres  of  the  seats  for  adjaoont  operators  should  not  be  less  than  6^0  mm. 
If  there  are  normally  several  operators  in  a  row  in  a  suite,  even  this  distance  laay  seem  cramped,  and 
should  be  increased  by  about  IOO-I50  mm.  for  permanent  occupancy.  However  65 0  mm.  is  a  reasonable  width 
to  allow  for  temporary  or  intermittent  occupations,  as  in  on-the-job  training  or  occasional  supervision 
or  inorcasad  manning  levels.  It  is  also  suitable  for  suites  with  only  two  positions  if  there  is  a  gap 
between  the  suites. 

The  loyout  of  suites  and  oonsoles  is  intended  to  promoto  the  objectives  of  the  air  traffio  control 
system  design.  It  is  therefore  undertaken  as  a  response  to  specifications  of  tasks,  equipment,  and 
operator  characteristics,  and  is  not  intended  to  bo  an  innovative,  disruptivo  or  obtrusive  aspect  of 
system  planning  and  evolution.  The  intention  is  to  provide  what  iB  required  as  efficiently  as  possible, 
rather  than  to  introduce  new  requirements,  although  occasionally  constraints  at  the  console  may  warrant 
tho  ru -examination  of  the  ori/rinal  requirements.  It  iB  obviously  possible  to  draw  up  a  specification 
whioh  includes  far  moro  displays,  controls  and  facilities  than  can  be  accommodated.  There  can  be  no 
satisfactory  solution  to  such  prablomo  without  incurring  soma  penalties.  A  role  of  human  factors  is  to 
specify  what  the  penalties  would  bo,  and  to  advise  on  whether  in  human  factors  terms  they  would  be 
acceptable  in  relation  to  tho  known  objectives  and  standards  to  be  attained. 

Host  problems  which  can  arioo  from  layouts,  especially  those  related  to  the  physical  environment, 
can  bo  doduced  from  drawings  and  principles.  Console  luyoutB  Buoh  aB  those  shown  in  the  figures,  allow 
the  region  to  bo  defined  within  which  certain  visual  problems  can  arise.  For  oxainplo,  m  Figure  1  lino3 
drawn  from  tho  eye  to  B  and  to  0,  and  continued  as  if  roflcctsd  from  BC  can  be  used  to  establish  tho 
region  of  the  oeiling  of  the  room  within  whioh  a  light  would  be  soon  from  tho  operator's  eye  position  as 
roflectod  in  a  tube  positioned  on  the  axis  BO.  Furthermore  tho  exiont  of  any  cowling  of  the  light  or  of 
the  tube  necessary  to  eliminate  uuoli  reflections  could  be  established.  The  offeots  of  changes  in 
display'  size  or  angles  on  reflectance  can  also  bo  predicted. 

In  some  air  traffic  control  environments,  a  largo  radar  display  is  literally  vortical.  Tho 
operator's  lino  of  sight  is  not  at  right  ttnglos  to  the  display  but  tho  problems  of  glaros  and  reflec¬ 
tions  from  the  environment  can  bo  oasod  at  tho  cost  of  introducing  some  errors  in  purullar  and 
judgemanto  of  relative  boaring.  A  vertical  display  may  be  most  sucoosbI'uI  when  thoro  are  faw  othor 
displays  to  bs  incorporated  or  where  the  height  of  tho  console  must  bo  kept  low  because  the  operator 
has  to  bo  ablo  to  sea  over  it. 

In  othor  air  traffic  control  environments,  large  radar  displays  are  moiuitod  horizontally.  Although 
this  may  promote  task  sharing,  horizontal  displays  have  certain  fundamental  di o advantages  from  the  point 
of  view  of  suite  and  console  layout.  It  is  impossible  for  oevoral  people  to  sit  comfortably  around  a 
horizontal  display,  because  each  man  has  to  sit  at  an  angle  to  it,  and  tiro  display  is  where  his  lags 
would  normally  be.  Controls  have  to  bo  housed  round  tho  edge  of  tho  display  and  tho  operator  hao  to 
Etrotch  ovor  the  controls  to  see  the  display  and  minimise  parallax  from  it,  wheroa3  to  use  tho  controls 
he  noods  to  sit  back.  Light  refleotanco  oon  be  almost  impossible  to  eliminate  if  oovoral  people  oan 
sit  round  a  horizontal  display  and  view  it  from  many  angles. 

It  is  difficult  to  use  a  horizontal  display  in  conjunction  with  othor  displays  and  especially  With 
a  flight  strip  board.  Tho  latter  contains  oevoral  columns  of  flight  strips  in  holdors,  normally  at  un 
angle  of  not  much  more  titan  40  dogreos  from  the  horizontal,  because  it  is  essential  to  be  ablo  to 
remove,  roplaco  and  manipulate  individual  flight  strips  without  disturbing  the  other's,  and  particularly 
without  them  falling  off  the  flight  strip  board.  Tho  traditional  flight  strip  board  woo  a  very 
flexible  tool,  and  it  is  proving  difficult  to  retain  all  its  advantages  in  electronically  generated 
tabular  information  displays  intondod  to  roplaco  it,  although  electronically  generated  displays  can 
reduce  the  operator's  work  substantially .  Krgonomical ly,  tho  flight  strip  board  was  very  diffioult  to 
rooonoile  with  other  air  traffic  control  furniture,  because  of  its  bulk  and  the  need  to  treat  it  as  both 
a  display,  tho  v/holo  of  which  must  moot  dieplay  viewing  distance  requiromonts,  ar.d  as  a  control  eurfuoo, 
the  whole  of  whioh  must  moat  reach  distance  requirements.  Attompts  to  provide  a  flight  3trip  board, 
other  displays,  and  a  horizontal  radar  display  oan  lead  to  insuperable  ergonomic  difficulties  in 
devising  satisfactory  suite  and  console  designs  and  layouts  (Figs.  4  and  5). 

The  gradual  replacement  of  the  flight  strip  board  by  electronic  information  display's  does  not  sig¬ 
nal  tho  end  of  displays  whioh  must  double  as  oontrol  ourfaoos!  far  from  it.  Touch  wires,  touch 
sensitive  surfaces  with  or  without  a  matrix  of  light  bocuna,  light  pone,  and  plasma  pane  .u  may  all  employ 
a  display  surfaoe  which  is  intended  to  bo  touched  directly  by  the  operator's  linger  or  by  a  device  held 
by  the  operator.  Tho  display  surfaoo  must  not  only  meet  tho  visual  viowing  dietanoo  requiromonts  but 
be  wholly  within  roach.  Thora  is  no  point  in  building  a  console,  installing  a  display'  intended  for 
viowing  at  750  mm,,  replacing  it  with  a  touch  sensitive  surfaoe,  and  then  discovering  that  it  ie  out  of 
roaoh. 

There  is  no  ideal  ergonomic  solution  to  the  problems  posed  by  displays  which  are  also  touch  sensi¬ 
tive  surfaces.  Either  the  man  must  look  down  at  them  far  further  than  would  normally  bo  recommended  for 
regularly  viewed  displays,  or  he  must  reach  up  to  tnem  far  further  than  would  be  recommended  for 
regularly  used  controls.  Compromises,  ouoh  a.i  .mounting  tho  dovico  at  an  angle  of  about  70  degrees  or  40 
degrees  to  the  horizontal,  seem  as  likely  to  retain  both  problems  as  to  solve  both.  The  most  favoured 
solution  is  for  oontrol  requirements  to  predominate  00  that  the  device  is  treated  primarily  as  a  oontrol 
and  housed  in  or  near  the  shelf.  This  solution  is  moot  likely  to  be  satisfactory  whore  tha  display  is 
intended  primarily  to  aid  learning  and  ultimately  tho  operator  oan  loam  to  use  it  largely  by  touch.  If 
tha  man  always  lias  to  look  at  the  device  while  he  is  using  it,  the  pace  of  usage  may  remain  slow. 

Consoles  need  to  aeoommodate  anoillary  equipment.  Below  and  to  one  side  of  tho  shelf  there  should 
be  provision  to  stow  manuals  and  job  aids,  and  this  stowage  should  bo  designed  to  facilitate  their 
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□  election.  It  should  'oe  possible  to  see  the  title  of  each  by  looking  at  them  when  stowed,  end  to 
retrieve  the  one  required,  and  replace  it  correctly  afterwards,  without  taking  other  items  out.  This  is 
a  matter  of  Tayout  anc,  labelling  of  the  manuals  and  aids  themselves  and  of  providing  stowage  which  fite 
them.  A  v  i  into::  may  be  useful. 

Contro.  rs  use  headsets.  At  each  work  position,  there  should  be  somewhere  convenient  to  house  a 
headset  temporarily  while  it  is  not  being  used,  without  damaging  it.  Headsets  often  have  cabling 
attached,  which  is  wrapped  tightly  round  the  headset  itself  for  stowage,  a  practice  which  can  cause  wear 
and  damage.  Perhaps  the  cabling  should  bo  housed  on  a  gently  spring-loaded  coil  within  the  console 
itself,  to  be  nulled  out  and  attached  to  tile  headset  with  an  automatic  release  of  the  spring— loading 
whenever  required. 

7d  A lf(  TiWSTC  CONTROL  CENTRES  AND  CONTROL  ROOMS 

In  relation  to  the  work  environment,  the  human  factors  problems  posed  by  centres  and  control  rooms 
are  mainly  orthodox,  and  solutions  to  many  of  them  can  be  achieved  by  following  the  guidelines  outlined 
m  the  earlier  parts  of  this  chapter.  If  an  air  traffic  control  workspace  is  oontinvously  manned,  al¬ 
lowance  has  to  be  made  for  extra  requirements  for  space,  for  example  to  accommodate  watch  handovers.  The 
appearance  of  an  air  traffic  control  centre  or  control  room  does  not  usually  vary  according  to  exterior 
daylight  or  darkneaa,  so  that  in  designing  the  work  environment  it  is  reasonable  to  try  to  make  specific 
recommendations  to  achieve  un  optimum  solution  within  the  known  constraints  of  tasks  and  loadings,  since 
those  recommendationa  do  not  have  to  take  account  of  unoontrollable  variables  associated  with  physical 
environmental  conditions.  Designs  and  simulations  of  centres  and  control  rooms  can  therefore  specify  and 
replicate  their  appearouoe  faithfully,  and  equipment  configurations  can  be  tried  and  tested  under 
environmental  conditions  similar  to  those  ir  real  life.  When  all  the  data  used  by  the  controller  are 
either  presented  on  visual  displaye  with  specified  contents  or  heard  through  headsets  or  telephones  or 
from  colleagues  around  him,  as  they  are  iu  control  centres  and  in  control  rooms,  the  variables  which  will 
affect  familiarisation  and  training  can  all  be  speoified  and  studied. 

As  a  oonsequanoe,  a  simulation  of  a  control  centre  or  control  room  can  in  principle  be  so  realistic 
that  a  casual,  or  even  an  informed,  observer  may  not  be  able  to  toll  whether  he  is  watching  simulated  or 
real  air  traffio  control.  He  may  glean  hardly  any  clues  from  the  physical  environment,  the  workspace, 
the  information  sources  present,  or  the  activities  of  the  controllers.  Do  Kiguree  4  and  5  show  real  or 
simulated  air  traffic  control?  Contrast  this  with  the  most  elaborate  simulate "1  of  an  air  traffio  control 
tower  or  an  aircraft  cockpit.  There  the  problem  is  to  ensure  that  the  simulation  contains  nufficient 
representation  of  the  information  for  the  man  to  do  his  tasks  or  learn  to  do  them,  so  that  the  aspects  of 
them  of  particular  interest  con  be  studied.  IP  the  informed  bystander,  a  flight  simulator,  or  an  airport 
control  tower  aimulator,  ia  instantly  recognisable  for  what  it  is,  a  simulation,  in  a  way  which  a  simula¬ 
ted  air  traffic  control  contra  or  control  room  may  not  be.  An  ironic  consequanoe  is  that  more  attention 
has  been  paid  to  the  difficulties  of  simulating  air  traffic  control  towers  or  flight  decks  than  to  the 
problems  of  simulating  air  traffio  control  centres  or  control  rooms.  Much  of  this  attention  ha3  been 
devoted  to  the  replication  of  the  visible  real  world  and  of  the  cues  from  it  which  are  utilised  in  tasks, 
a  problem  which  does  not  arise  when  the  workspaces  simulated  contain  no  view  of  the  real  world. 

One  outcome  has  been  a  oplit  between  centres  and  control  rooms  on  the  one  hand,  and  air  traffic 
control  towers  on  the  other,  in  the  kinds  of  human  factors  studies  of  them  which  are  generally  undertaken. 
Practioal  real-time  evaluation^  which  employ  elaborate  measures  of  the  task  demands  and  of  the  control¬ 
lers*  responses  to  them,  tend  to  be  of  centres  and  control  rooms,  for  which  \  irpose-bui  It  simulation 
facilities  exist  to  study  them  in  general  terms  or  to  replicate  any  speoific  one  in  detail.  Task 
performance  has  therefore  been  extensively  studied,  in  relation  to  changes  in  equipment,  in  demands,  in 
procedures,  in  instructions,  in  training  or  experience,  in  the  influenoe  of  physical  environmental  and 
workspace  variables,  and  in  controllers .  The  work  environment  is  studied  as  such,  because  its  critical 
aspects  can  all  be  specified,  controlled  and  replicated. 

The  workspace  of  an  air  traffic  control  centre  or  control  room,  particularly  a  modem  one,  Is  usually 
sufficiently  spacious  to  allow  choices  in  the  positioning  of  suites  and  consoles,  in  the  location  of 
general  displays,  and  in  the  fulfilment  of  ancillary  functions  such  as  maintenance  and  accessibility. 

There  is  also  flexibility  in  designing  the  physical  environment,  in  its  colours,  textures,  and  lighting. 
Such  comparative  freedom  in  design  may  make  the  attainment  of  an  acceptable  solution  more  probable,  but 
gives  scope  also  for  more  critical  mistakes  in  tile  specification  of  the  workspace.  On  the  whole  however, 
as  a  workspace,  the  air  traffic  control  centre  or  control  room  i3  easier  to  replicate  than  an  air  traffic, 
control  tower  in  human  factors  terms. 

In  most  respects  a  simulation  facility  can  be  adapted  to  simulate  a  particular  control  centre  or 
room  by  building  and  installing  appropriate  suites  and  consoles.  Depending  on  the  objectives,  various 
equipment  configurations  and  layouts  can  be  tried,  and  displays  can  be  left  blank,  can  show  a  typical 
static  picture,  or  can  present  dynamic  information  to  allow  the  feasibility  of  envisaged  air  traffic 
control  tasks  to  be  established,  or  even  to  obtain  performance  measures  of  specified  tasks.  Some  of  the 
possible  stages  are  illustrated  in  a  mock-up  study  of  a  TRACON1^,  the  facilities  for  which  can  become 
quite  elaborate  (Pig.  6).  Every  feature  of  the  environment,  the  furniture,  the  hardware  and  the  software 
is  stated,  and  provision  is  usually  made  for  ready  adjustments  to  them  30  that  alternative  configurations 
can  he  tried  and  their  practicality  and  appearance  gauged.  Pindings  about  the  physical  environment  and 
layout  of  workspaces  and  of  the  equipment  i  +  ems  within  them  can  be  expeotod  to  have  h.gh  validity  if  the 
study  iu-a  been  conducted  competently,  because  the  physical  environment  is  constant  and  its  main  attri¬ 
butes  can  be  replicated.  Furthermore,  there  is  a  good  prospect  that  many  of  the  findings  will  be 
applioabie  tc  comparable  environments  and  workspaces  wherever  the  lighting,  the  suites  and  the  console 
configurations  are  similar. 

7e  AIR  TRAFFIC  CONTROL  TOWERS 

In  many  respects  air  traffic  control  towers  pose  different  human  factors  problems  from  centres  or 
control  rooms,  for  five  separate  but  ini»raoting  reasons s 
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(1)  The  physical  environment,  especially  the  lighting,  is  not  constant,  but  oan  vary  grossly  from 
bright  sunlight  to  exterior  darknesB,  and  the  direction  of  the  main  light  source  also  varies 
with  time  or  day. 

(2)  The  controller  has  a  view  of  the  visual  world  outside  the  tower,  and  uses  information 
gleaned  from  looking  out  while  performing  his  tasks. 

(3)  The  controller's  view  from  the  towar  is  panoramic,  and  ho  may  need  to  look  all  road  him,  or 
at  least  through  a  large  arc.  As  a  result  his  postural  and  viewing  positions  are  not 
standardised,  and  he  has  to  be  able  to  see  over  any  equipment  installed  in  the  tower  in  most 
if  not  all  direotions. 

(4)  The  controller  oan  see,  and.  perhaps  hear,  aircraft  moving,  and  detect  them  against  baokgroundB 
of  sky,  oioud,  darkness,  poor  visibility,  and  ground  with  its  seasonal  variations  in  appearance. 

(5)  In  rrinoiplo,  towers  are  likely  to  differ  from  each  other  more  than  oentroe  or  control  rooms, 
and  therefore  the  prospects  of  findings  obtained  about  one  generalising  to  othero  are  poorer 
for  towers  than  for  cant  re  a  or  control  rooms. 

The  information  which  the  oontroller  needs  for  his  tasks  is  therefore  not  contained  solely  within  the 
tower,  and  no  replication  of  the  tower  alone  oan  be  adequate  to  study  every  oepeot  of  his  tasks  ana  roles. 
However,  certain  aspeots  of  his  workspace,  its  furniture  and  the  equipment  installed  in  the  tower  oan  be 
studied  by  mock-ups  to  obtain  findings  within  these  atriot  limitations 1 Much  of  the  tower  controller's 
knowledge  of  the  ourrent  state  of  the  aircraft  under  his  control  and  of  the  consequences  of  his  own 
actions  is  obtained  by  looking  at  the  aircraft  on  the  ground  or  in  the  airport  approaches,  aspects  not 
oovered  in  mock-up  studies  (pig.  7). 

It  is  possible  to  provide  sound  human  factors  advioe  about  any  air  traffic  control  tower  by  visiting 
it,  taking  appropriate  measures  of  the  workspace,  furniture  and  physioal  environment  in  relation  to  the 
tasks  and  antnropornetric  data,  and  applying  human  factors  principles  to  evolve  a  workspace  design  which 
meets  human  factors  requirements.  In  any  real  life  environment,  it  is  always  feasible  to  apply  human 
faotors  principles  in  this  way,  and  to  identify  the  constraints  whioh  may  mako  an  acceptable  solution 
impossible.  Although  the  application  of  data  on  suoh  faotors  as  console  profiles  oan  bo  straightforward, 
it  oan  be  much  nioro  time  consuming  and  difficult  to  oompile  job  descriptions,  or  to  work  from  job 
descriptions  and  a  tack  analysis  or  task  synthesis  to  determine  the  required  display  oontents  and  to 
derive  acceptable  methods  of  dapiotion  and  portrayal  of  information.  ThiB  information  must  be  reoonoiled 
under  all  circumstances,  if  necessary  by  automated  or  manual  adjustments,  with  tho  grous  variability  of 
the  ambient  lighting.  In  towers,  space  tends  to  be  at  a  premium,  all  concolos  must  be  low,  and  the  layout 
of  operating  positions  must  ensure  that  no  oon'  <  'Her  can  block  his  colleoguns'  view  of  osoontial 
information  inside  or  outside  the  tower. 

Many  human  faotors  problems  are  posod  by  the  naud  to  simulate  the  outside  visual  world  and  tho  air¬ 
craft  flying  in  it  as  seen  from  the  tower,  in  order  to  study  validly  tasks  and  procedures,  to  explore  the 
effeotc  of  changes,  to  evaluate  performance,  or  to  determine  and  provide  all  tho  requirements  of  both 
students  and  instructors  during  training,  knr  most  purposes,  it  is  simplest  to  simulate  the  view  from  the 
tower  at  night,  since  all  the  necessary  information  may  then  be  convoyed  in  tho  form  of  patterns  of  fixed 
lights  and  moving  lights,  tho  latter  carefully  specified  to  replicate  faithfully  all  the  relovant  apparent 
movements  of  aircraft.  Daylight,  with  its  associated  variations  in  climate,  visibility  and  light  inten¬ 
sity,  generally  requires  some  form  of  projection  in  simulation.  Tho  representation  of  tho  aircraft 
themselves  can  be  by  various  principles,  from  toy  uiroraft  to  elect ron i oa 1 ly-gone rato d  airoraft  shapes. 

The  options  and  associated  problems  have  been  considered  in  relation  to  the  feasibility  of  a  simulated 
air  traffic  control  tower  for  the  purposos  of  oontroller  training^**.  Many  solutions  are  costly,. 
grandiose  and  sophisticated;  tho  technological  implications  of  somo  solutions  have  been  ovaluatod  . 
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CHAPB2K  8 
DISPLAYS 

8a  PHYSICAL  DIMENSIONS 

Comprehensive  guideline!?  on  the  faotors  which  of  foot  interactions  between  visual  displays  and  their 
users  can  now  be  compiled.  A  human  faotors  checklist  of  faotors  iB  provided  os  Appendix  1.  Thin  ie 
careful  not  to  quote  figures.  The  human  factors  spocialist  has  to  bo  cautious  whan  judging  the  applica¬ 
bility  to  air  traffio  control  cent  ox  to  of  sources  of  human  .facto.ro  data  whioh  do  cito  figuroo.  These 
are  seldom  derived  from,  or  intended  for,  air  traffic  control.  A  recent,  handbook* 24  waB  originally 
writton  for  visual  display  terminals  in  the  nowspapor  industry,  where  the  tasks  are  different,  the  people 
are  different,  the  physical  environment  ie  different,  the  diaplayo  themselves  are  different,  and  the 
extent  of  teamwork  is  different  from  air  traffic  control.  Furthermore,  some  of  the  figuroo  oitod  oan  bo 
traced  to  relevant  ergonomic  otudios,  but  others  appear  to  represent  the  opinions  of  the  authors!  the 
strength  of  the  evidence  on  which  recommendations  aro  basod  varies  greatly,  but  the  taxt  does  not  make 
this  clear.  Tho  moral  is  plain!  do  not  apply  data  from  handbooks  unoritioally  in  an  air  traffic  control 
context  without  obtaining  specialist  human  factors  advico  on  how  the  data  should  be  interpreted, 

In  air  traffio  control,  major  changes  in  information  displays  are  taking  placo,  comparable  in 
magnitude  and  human  faotors  implioation  with  tho  raplaoemont  of  conventional  instruments  by  cathode  ray 
tubu  displays  in  aircraft  cockpits.  Three  kinds  of  display,  grossly  different  in  their  dimenoionB  and 
orientation,  may  be  found  in  air  traffic  control  workspaces! 

(1)  Luninous  electronically  generated  displays,  for  individuals  or  groups,  moulted  horizontally 
or  vertically,  showing  radar  information,  tabular  information  or  topographical  information, 
in  piotorial,  graphic,  alphanumeric  or  symbolic  form,  usually  but  not  necessarily  using  a 
cathode  ray  tube,  with  some  variability  of  content  whioh  is  automatic  and  uorae  at  the 
controller**  discretion  by  means  of  a  keyboard  or  comparable  input  device. 

(2)  Wall-mounted  displays,  often  of  more  general  or  summarised  information,  driven  by  electronic, 
projected  or  moohonioal  means,  luminous  or  non-luminous,  employing  a  wide  runge  of  coding 
conventions  and  various  methods  of  updating,  but  not  normally  under  the  control  of  individual 
controllers. 

(3)  Non-luminoun  diupluys  bused  eh  flight  strips,  whioh  are  pieces  of  paper,  one  for  each  aircraft 
ut  oaoh  reporting  point,  printed  automatically  or  proparod  manually  by  the  controller  or  an 
assistant,  housed  in  strip  holders  on  a  board,  ar.d  moved  about  manually;  and  other  displays  of 
information  such  as  maps,  ohurts  and  job  aids  whioh  arc  also  in  the  form  of  hard  copy. 

The  first  of  those  ).u  most  recent!  the  trend  is  for  it  to  dominate  and  ultimately  replace  the  second  and 
third  kinds  of  display. 

At  one  timo,  the  ambiont  lighting  requi romento  for  tho  three  kinds  of  diuplay  wore  fundamentally 
incompatible,  mainly  because  information  on  electronically  generated  displays  could  not  be  perceived  in 
bright  ambient  light.  Advances  in  display  technology  have  led  to  the  development  of  visual  display  units 
which  can  be  used  in  ambient  lighting  up  to  or  above  that  of  offioe  lighting  standards,  and  similar 
ambient  lighting  standards  can  now  prevail  in  air  traffio  control  centruu  and  rooms}  given  modem  equip- 
raont.  borne  problems  may  remain  in  towars,  sinoe  even  the  best  displays  oan  bocorr.e  difficult  to  read  if 
direct  oiwlight  is  allowed  to  fall  on  them. 

The  general  location  of  displays  should  bo  settled  as  part  of  the  workspace  design,  and  is  not 
solely,  or  even  primarily,  decided  by  display  faotors.  Tho  main  influences  on  the  dooision  are  the  tasks, 
tho  physioal  environment,  tho  ooirrounications,  the  extent  to  whioh  individual  roles  are  intended  to  bo 
autonomous  or  team  functions,  the  envisaged  oontent  and  utilisation  of  other  displays,  OBpeoially  wall- 
mountod  ones,  and  accessibility.  Those  faotors  determine  broadly  the  information  required  at  each 
operating  position,  its  approximate  level  of  detail,  and  whether  it  should  be  displayed  permanently, 
temporarily  but  automatically,  or  temporarily  at  the  controller's  behest.  The  size,  shape  and  positioning 
of  oaoh  display  dopond  on  engineering  constraints,  oost,  and  commercial  availability,  on  how  many  displays 
there  will  be  and  on  the  relations  botweon  thorn,  on  whether  each  is  for  one  individual  only  or  shared,  on 
the  amount  of  information  to  be  portrayed  and  the  methods  of  ooding,  and,  in  the  case  of  radar  displays, 
on  the  region  to  bo  depicted  and  the  preferred  scale.  Ambient  Lighting  requirements  are  borne  In  mind 
lout  they  peso  problems  which  have  no  solution!  as  far  as  possible,  the  dimensions,  looation  and  orien¬ 
tation  of  the  displays  are  upeoified  first  to  suit  the  task  requirements,  and  tho  ambient  lighting  is 
adjusted  to  bo  oompatible  with  the  display  requirements,  rathor  thun  vioo  versa. 

For  displays  of  tabular  information,  limits  are  set  by  the  planned  capacity  of  the  system.  Provision 
is  made  to  display  information  about  a  maximum  numbor  of  airoraft  at  any  ono  timo,  and  the  information 
about  oaoh  aircraft  is  standardised.  Such  displays  commonly  are  intended  to  meet  a  specification  of  a 
maximum  number  of  lines  of  data  and  a  maximum  number  of  characters  per  line.  Required  character  sizes 
and  spacings  can  be  derived  from  diuplay  character! sties  (especially  contrast),  ambient  lighting,  method 
of  character  generation,  viewing  distance,  and  minimum  eyesight  standards,  to  arrive  at  tho  character 
dimensions  needed  to  ensure  legibility  under  all  circumstances  in  that  environment.  From  this,  the  minimum 
display  dimension!!  oan  be  derived.  Not  uncoirr  nly,  this  exeroiee  has  the  effect  of  making  everyone  think 
again,  because  in  air  traffio  control  the  tendency  has  always  been  to  try  to  crom  too  much  information  onto 
displays.  Tho  options  are: 

(1)  To  roducs  the  omoixit  of  information  to  be  portrayed. 

(2)  To  increase  the  number  of  displays  if  there  is  space  for  them. 

(3)  To  reallooeite  tasks  and  roles  so  that  it  is  possible  to  put  some  of  the  information  on  other 
displays. 


(4)  To  keep  all  the  information  but.  speoify  a  larger  display  than  was  originally  envisaged. 

(5)  TO  keep  all  the  information  but  recode  it  in  ways  that  use  less  space. 

(6)  To  improve  the  contrast  of  the  characters  or  redesign  them  to  retain  their  legibility  at  a 
reduced  size. 

(7)  To  adjust  the  level  or  spootrum  of  the  ambient  lighting  if  this  could  improve  legibility. 

(3)  To  re-examine  the  planned  viewing  distance  and  see  if  it  could  be  reduced  (e.g.  from  about 
750  tun.  to  450  mm. ) 

(9)  To  rniee  the  minimun  eyesight  standards  for  operators. 

Those  are  options  to  be  considered)  in  any  given  oiroumstanoes,  not  all  of  them  will  be  feasible,  and 
some  may  not  make  a  significant  contribution  on  their  own,  but  only  in  conjunction  with  others.  The 
kinds  of  solution  also  depend  greatly  on  the  sevority  of  the  problem  -  whether  each  dieplay  dimension 
would  have  to  be  increased  by  ICfji  or  1CC$  in  order  to  accommodate  to  the  required  legibility  standards 
all  the  data  thought  to  be  necessary. 

The  initial  impreosion  from  many  modem  air  traffio  control  workspaces  is  that  the  radar  display  is 
very  largo.  A  diomoter  of  about  55°  mm.  is  not  unusual.  This  is  far  in  excess  of  the  normally  recom¬ 
mended  size  for  an  information  display  even  with  a  viewing  distance  of  750  mm.,  anti  in  air  traffio 
control  the  viewing  distanoe  is  often  450  mm.  or  even  less.  The  larger  the  radar  diBplay,  the  more 
difficult  it  beoomes  to  accommodate  within  the  workspace  the  radar  display  itself  and  other  displays  end 
their  associated  controls  at  near  optimum  pnni+.irns,  or  to  provido  ambient  lighting  wliioh  does  not  lead 
to  any  glares  and  refleotions  from  any  rr.uar  display. 

Nevertheless,  the  largo  radar  display  con  convey  seme  advantages.  Often  the  controller  uses  only  a 
segment  of  it  most  cf  the  time,  and  this  segment  iB  of  the  same  order  of  magnitude  as  the  recommended 
maximum  display  size  for  an  operator  to  viaw  the  display  as  a  whole.  Theroforo  the  large  dieplay  doeu 
not  necessarily  load  to  frequent  largo  oyo  movements  and  extenaive  diBplay  scanning.  It  does  provide  a 
context  for  the  radar  controller's  task,  so  that  ho  can  see  impending  traffic  and  gauge  some  of  the 
longer  term  consequences  of  his  proposed  actions  when  controlling  the  traffic  which  is  his  direot 
rooponuibi  lity.  The  display  whon  large  can  be  uot  up  pormanenl.  ly  and  does  not  have  to  bo  rc-controd 
whenever  the  foous  of  interest  changes  substantially.  Although  the  omoaring  auoooiatod  with  ro -centring 
and  long  persistonoo  phosphors  is  a  problem  whioh  modem  tsohnology  iB  in  the  process  of  resolving, 
nevertheless  oven  with  the  best  displays  the  change  of  visual  framework  and  orientation  associated  with 
re-centring  the  display  is  still  sufficiently  disconcerting  to  be  avoided  whenever  possible. 

A  further  advantage  of  the  largo  display  is  that  an  exteneivo  region  which  inclixlos  all  the  radar 
evidonce  direotly  and  peri  phe rally  relevant  to  the  controller’s  tauku  can  bo  depicted  at  a  reasonably 
largo  scale.  Although  any  lose  of  radar  information  or  impairment  of  performance  by  reducing  the  scale 
is  almost  invariably  negligible,  yet  most  controllers  express  strong  preferences  for  as  largo  a  scale 
aa  possible  ainoo  they  believe  it  improves  their  porforraonoo,  particularly  in  judgments  of  range ,  bear¬ 
ing,  separations,  and  optimim  sequencing  of  traffio. 

There  is  however,  the  implied  asoumption,  which  is  potentially  hazardous  if  wrong,  that  «  larger 
scale  implies  greater  positional  accuracy  end  perhaps  greater  reliability  in  the  data.  This  impression 
can  bo  pernicious:  a  largo  display  and  a  large  soale  for  tho  diopluyed  radar  information  should  not 
result  in  tho  depiction  of  data  at  spuriously  high  levels  of  accuracy.  It  is  misleading,  if  data  are 
acourate  to  a  kilometre  or  bo,  to  present  them  on  a  display  on  whioh  di f forenoon  of  100  metres  oould 
readily  be  dinoriminatod.  A  large  display  can  help  to  show  that  data  arc  accurate  when  they  real'y  aro  , 
but  can  fail  to  show  whon  data  aro  maccurato. 

One  practical  advantage  of  a  large  radar  display  is  most  appaient  in  heavy  traffio  when  it  is  most 
needed.  The  size  of  the  alphanumeric  characters  whioh  form  the  labels  on  a  radar  display  is  a  function 
not  primarily  of  the  size  of  the  display  but  of  other  factors  such  as  their  method  of  generation,  the 
ambient  lighting  and  the  operator’s  viewing  distance)  as  a  result,  the  larger  the  display)  the  less 
severe  the  frequency  of  label  overlap  and  its  aosooiated  problems  bocomos.  The  advantages  and  disad¬ 
vantages  of  a  large  r-idar  display  are  therefore  finely  balanced.  Perhaps  the  point  of  most  significance 
in  terms  of  safoty  is  hat  the  display  must  not,  at  its  normal  expansion  setting,  convey  tho  impression 
that  tho  information  on  it  10  very  much  more  acourste  than  in  fact  it  is. 

8b  LAYOUT 

Display  layout  oan  bo  considered  in  three  roapoctsi  the  positioning  of  displays  in  the  furniture 
in  relation  to  eaoh  other  (considered  in  Chapter  70)5  the  layout  of  displays  in  association  with  controls 
(considered  in  Chapter  9e)j  and  the  broad  principles  for  the  layout  of  information  within  oaoh  display, 
considered  here. 

Many  principle,  'or  tho  layout  of  information  on  air  traffic  control  displays  oan  be  derived  from 
two  main  eouroes,  guidelines  in  human  factors  handbooks  and  traditional  air  traffio  control  practices. 

The  flight  strip  exemplifies  the  latter.  Its  traditional  layout  has  generally  boon  retained  when  displays 
of  elsctronically  generated  tabular  air  traffic  control  information  have  replaced  flight  strip  boardB, 
although  in  principle  thia  change  provides  an  opportunity  for  the  radical  recasting  of  the  layout  of 
information.  With  regard  to  radar  displays,  tho  fact  that  a  radar  display  provides  a  plan  view  of  a 
rogion  imposes  major  constraints  on  the  flexibility  of  layouts  that  oan  be  adopted)  the  main  issue  is  the 
extent  to  which  layouts  can  conform  with  the  principles  inherent  in  a  plan  view  without  becoming 
cluttered  by  additional  alphanumeric  or  aymbolio  information. 

Secondary  radar  displays  have  now  largely  superceded  primary  radar  displays  in  air  traffio  control. 
Where  they  have  not,  the  problem  of  maintaining  the  identity  of  eaoh  blip  or  traok  in  relation  to  other 
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data  sources,  usually  in  the  form  of  flight  strip  boards,  remains.  It  requires  elaborate  oroaa-oodinc 
between  two  information  sources  where  the  principles  for  information  layout  oan  be  grossly  different, 
the  one  giving  a  plan  'dew,  and  the  other  providing  a  list  of  aircraft  in  a  sequence  determined  by  time 
order,  direotion  of  flight,  height,  destination,  or  some  combination  of  these  and  allied  factors. 

Although  the  tasks  consequent  upon  this  cross-coding  could  be  cumbersome  and  in  many  respects  were 
inevitably  inefficient,  they  were  not  totally  devoid  of  advantages:  primary  radar  gave  eome  indication 
of  the  qualitative  aspects  of  information  such  as  the  strength  of  the  signal  or  its  propensity  to  fade, 
and  the  amomt  of  active  participation  in  tasks  entailed  by  cross-coding,  although  often  of  a  routine 
nature,  had  the  incidental  benefits  of  helping  the  controller  to  build  his  pioture  of  his  traffio  and  of 
reinforcing  his  memory  of  it. 

Secondary  radar  presents  tracks  and  dots  which  have  been  smoothed  and  appear  more  stable.  It- offers 
much  greater  flexibility  than  primaiy  radar  in  terms  of  the  additional  information  which  can  appoar  on 
the  radar  display.  This  has  led  to  muoh  discussion  on  what  the  content  of  the  label  on  a  radar  display 
should  be.  Kuoh  information  could  be  shown,  at  the  oost  of  making  each  label  large,  cluttering  the 
display,  presenting  information  which  is  not  often  used,  and  introducing  potential  sources  of  confusions, 
for  example  between  digits  which  show  height  and  other  digits  which  show  speed. 

Label  overlap  is  a  serious  layout  problem  on  radar  displays,  partly  because  a  priori  it  is  most 
likely  to  occur  when  it  can  lea  it  be  tolerated.  Label  overlap  ooouxo  when  two  or  more  aircraft  aro  qui  te 
dose  together,  and  the  greater  the  traffio  density  the  bigger  the  problem  becomes.  When  aircraft  are 
close  to  ;ether  and  the  traffio  is  dense  it  is  meat  important  to  read  the  label  of  oaoh  aircraft  correctly 
and  to  e  itablish  the  identi  tier-,  heights  and  speeds  of  the  airornf+  concerned.  It  is  therefore  important 
to  mako  each  lobal  as  small  as  possible  and  to  lay  out  label  positions  to  minimise  label  overlap.  Ole 
possible  approach  to  the  problem  is  to  move  labels  automatically  if  they  are  about  to  overlap,  for  example 
by  putting  one  or  both  at  the  end  of  tag  lines  or  by  alternating  their  presentation  every  two  seconds  or 
so.  A  facility  for  the  controller  to  mova  individual  labels  or  specified  categories  of  labels  can  bo 
provided,  with  manual  or  automatic  reversion  of  the  label  positions  once  the  aircraft  have  iveparatnd.  The 
controller  may  oorceive  a  series  of  labels  as  a  single  traffio  flow  and  thereby  verify  that  a  smooth  flow 
is  being  maintained  with  no  opening  gaps  or  closing  separations  within  it.  If  he  oan  peroaive  streams 
of  aircraft  in  this  way  he  can  also  verify  that  the  streams  are  safely  separated  from  each  othnr.  This 
function  ia  facilitated  if  the  controller  can  structure  a  series  of  labels  as  a  visual  entity.  Whore 
the  label  is  always  in  tho  same  position  relative  to  the  aircraft,  tho  controller  may  tend  to  use  the 
labels  to  judge  relative  positions,  bearings,  or  even  speeds  of  aircraft  but  if  ho  does  this,  the 
selective  movement  of  some  but  not  all  of  the  aircraft  labels  in  relation  to  their  track  pOBitioriB  in 
order  to  prevent  label  overlap  could  clearly  become  potentially  mi  a  loading,  particularly  if  the  controller 
forgot  that  he  hod  moved  labels  selectively.  Tho  layout  of  labels  on  the  display  may  therefore  convoy 
far  more  information  to  the  controller  than  it  is  intended  to  end  this  must  bo  bomo  in  mind  when  the 
facilities  for  repositioning  labels  are  being  considered. 

As  far  us  possible,  the  layout  of  labsls  should  follow  a  logical  principle  whioh  facilitates  their 
comparison  with  other  dnta  displays  about  the  same  aircraft,  altnough  it  is  the  layout  of  the  lattor 
whioh  generally  has  to  be  adjusted  to  the  layout  imposed  by  the  radar  display  and  by  the  route  structures 
depictod  on  i.t..  Proposals  are  sometimes  made  to  introduce  small  tabular  information  displays  in  regions 
of  the  radar  display  not  in  regular  use,  often  with  tho  provieion  that  this  additional  tabular  information 
could  be  deleted  from  ihe  radar  display  or  moved  elsewhoro  if  need  be.  ThBso  further  data  could  keep  the 
labels  themselves  at  a  more  reasonable  si:ie  or  could  obviate  the  need  for  the  controller  to  look  away 
from  the  radar  display  every  time  he  needed  certain  categories  of  further  information.  While  the  addition 
of  small  tabular  displays  within  tho  radar  should  not  be  ruled  out  entirely  as  a  matter  of  principle,  it 
oan  only  have  limited  value  without  causing  clutter;  if  thore  is  a  need  for  it,  the  relevant  electronic 
data  displays  may  need  replanning  to  make  it  easier  to  find  the  requisite  information  on  them.  Proposals 
of  this  kind  aluo  raise  the  more  fundamental  question  of  the  extent  to  whioh  it  is  desirable  for  the 
controller  to  oome  to  roly  almost  exclusively  on  his  radar  display  and  not  to  have  to  look  at  other 
displays  very  often. 

Major  layout  problems  tend  to  ariso  with  tabular  air  traffio  control  information  on  electronic  data 
displays.  Such  displays  have  a  pre-planned  capacity  to  match  tlio  planned  maxim*:)  loading  at  the  work 
position.  This  Bets  tho  number  of  rowB  of  tabular  data.  Additional  rows  of  data  may  bo  required  for 
several  purposes  -  to  readbaok  the  information  being  entered,  to  Bhow  additional  information  requested 
about  designated  aircraft,  to  provide  aoribble  linos,  or  to  allow  the  compilation  and  use  of  extra  tables 
of  data  for  speoifio  purposes.  These  additional  roles  must  be  differentiated  dearly  by  their  layout  from  the 
main  tabular  data,  by  means  of  gaps  to  provide  visual  separations,  different  layouts  for  the  additional  and 
for  the  main  data,  separate  headings  or  labelling  of  the  additional  data,  or  different  coding  conventions 
in  the  two  parts  of  the  display. 

A  dilemma  with  tabular  displays  of  air  traffio  oontrol  information  iB  that  they  almost  invariably 
function  efficiently  when  traffio  is  light  and  when  thoy  therefore  contain  few  rows  of  data,  but  that  the 
busier  the  traffio  is  and  the  fuller  the  displays  become  with  data,  the  more  they  impose  a  search  task 
on  the  controller  to  find  the  data  he  needs,  just  when  hs  has  least  time  to  devote  to  searching  for  data, 
and  tho  more  errors  due  to  misreadings  and  misalignments  oan  arise,  just  when  there  is  least  time  to 
detect,  oorreot  or  handle  the  consequences  of  errors,  Tho  layout  of  tabular  data  should  therefore  be 
chosen  to  minimise  search,  to  prevent  misreadings,  and  to  eliminate  visual  misalignments  as  far  as  possible. 
Movarthe less ,  the  layout  must  not  follow  thooe  principles  slavishly  and  mints lligently  without  regard  to 
the  content  of  the  information  being  laid  out,  since  it  is  desirable  to  use  the  layout  to  promote  and 
strengthen  the  visual  structuring  and  grouping  of  data  in  logical  and  effioisnt  ways  for  task  performance. 
Plight  stripe  employ  differently  coloured  papar  for  eastbound,  westbound  and  orossing  traffio.  Individ¬ 
ual  flight  stripe  oan  bo  offset  physically  on  the  flight  strip  board.  Such  principles  impose  a  layout 
structure  whioh  oan  be  used  to  aid  memory.  Those  are  sound  human  factors  principles,  to  the  extent  that 
comparable  equivalents  are  needed  on  electronically  generated  displays  of  tabular  information. 

The  air  traffio  oontrol  information  on  tabular  displays  is  normally  grouped  under  headings  suoh  as 
airoraft  identity,  type,  route,  destination,  oxpected  times  at  reporting  points,  actual  and  cleared 
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heights,  and  whether  the  aircraft  is  level,  olirabing  or  descending.  The  information  under  many  of  these 
headings  is  in  alphanumeric  forms  that  can  appear  auparfioially  similar.  To  avoid  confusion  it  is 
necessary  to  give  ths  headings  themselves  on  the  display.  Since  it  is  much  easier  and  more  logical  to 
put  all  the  information  under  the  same  heading  in  a  column  with  the  heading  at  ths  top  rather  than  in  a 
row  with  the  heading  at  the  left  or  right,  the  equivalent  data  about  aircraft,  suoh  as  their  heights, 
generally  appear  in  a  single  column  under  the  appropriate  heading.  All  the  information  about  eaoh  air- 
oraft  appears  in  a  single  row.  To  establish  rules  for  the  spacing  between  rows  and  columns,  handbook 
data  can  generally  be  followed,  with  some  extra  allowance  for  the  thickening  of  luminous  characters 
attributable  to  the  method  of  their  generation.  If  the  row  of  data  is  long,  some  replication  of  the  most 
vital  information  within  the  row  may  help  to  prevent  misalignment  -  a  favoured  form  is  to  put  the 
aircraft  identity  at  both  ends  of  the  row  of  data  about  it.  Technical  limitations  in  the  generation  of 
oharaoters,  coupled  with  the  planned  display  capacity,  also  influence  the  layout. 

Within  a  row  of  data,  misalignments  can  be  minimised  by  linos  of  dots  linking  separated  items,  and 
by  other  conventions  such  us  depicting  a  whole  row  in  a  different  colour,  font,  or  size  of  oharaoters, 
or  underlining  it.  horns  of  these  methods,  such  as  ths  use  of  a  different  colour  or  underlining;  may  not 
only  make  a  row  stand  out  visually  but  also  impose  a  visual  etruoture  and  layout  on  the  whole  display. 
Blocks  of  data,  readily  distinguishable  visually,  can  be  formed  horizontally,  vertically  or  in  both 
dimensions  by  lines,  dots,  gaps,  changes  of  colour  of  the  characters  or  of  their  backgrounds,  differences 
in  typefaoe,  case,  or  size,  or  other  disoriminablo  attributes  suoh  as  different  hsight/uidth  ratios  of 
oiiaracteru.  Many  of  these  conventions  can  become  much  too  obtrusive  for  most  purpo  ieu,  and  prevent  the 
user  from  seeing  the  tabular  information  on  the  display  as  a  whole.  If  the  intention  is  simply  to  break 
up  the  display  visually  to  facilitate  searching  and  to  disoourage  misalignments  during  the  u  anning  of 
rows  of  data,  then  the  simplest  method  is  to  leave  somewhat  larger  gaps  than  normal  between  certain  rows, 
with  a  larger  gap  about  every  third,  fourth  or  fifth  row,  preferably  where  the  display  content  provides 
some  logio  for  introducing  a  gap  rather  than  at  the  same  position  in  the  display  regardless  of  the  dis¬ 
play  content.  Almost  any  visual  coding  dimension  can  be  laed  to  help  to  structure  the  layouts  in 
general,  the  aim  is  to  provide  a  structure  strong  enough  to  be  discernible  but  not  noticeable  enough  to 
be  disruptive.  Grose  oliangas,  suoh  as  colour  coding,  thick  lines,  or  gross  brightness  differences  are 
generally  excessively  obtrusive  to  be  suitable  solely  to  structure  tho  layout. 

In  general,  tho  same  layout  principles  should  always  be  followed  throughout,  and  not  varied  for  appar¬ 
ently  trivial  reasons.  They  must  therefore  be  chosen  to  remain  applicable  whatover  tho  display  oontentB. 
Occasionally  it  is  possiblo  to  use  tho  layout  itself  as  an  information  coding,  but  this  requires  great 
caution.  i'Or  example,  if  information  on  eastbound  and  on  westbound  airoraft  is  laid  out  differently 
aocording  to  different  rules,  this  may  certainly  facilitate  the  distinction  between  eastbound  and 
westbound  traffic,  but  it  can  engender  confusion  in  tasks  which  require  data  about,  both.  It  is  better  in 
making  suoh  a  distinction  to  rely  on  other  coding  conventions,  suoh  as  colour,  symbology  or  the  offsetting 
of  a  row  slightly,  rather  than  alter  the  layout  of  the  whole  row  of  data. 

cue  of  the  roost  diffioult  problems  of  layout  arises  with  the  labelling  of  displays  suoh  as  touch 
wire  displays,  touch  pods  and  plasma  panels,  when  they  also  funotion  ao  data  input  doviceB.  Commonly 
such  displays  funotion  in  many  respects  like  a  keyboard  but  the  electronically  generated  label  that 
describes  the  funotion  of  eaoh  key  position  and  appears  beside  it  varies  during  a  sequence  of  keyings. 
Sometimes  tho  variability  depends  solely  on  the  position  in  a  sequenoe  and  i^  for  example,  at  a 
partioular  position  in  the  sequence  the  keyboard  always  functions  to  enter  numerals,  the  position  of  eaoh 
numeral  in  the  keyboard  can  be  learned  and  eventually  the  man  may  enter  it  without  having  to  look  at 
the  display  label.  However,  in  the  normal  rest  position  theso  displays  often  present  a  list  of  airoraft 
identities  whioh  are  not  cons  taut  and  not  in  the  long  term  leamable.  Eaoh  entry  sequence  is  started  by 
touching  the  appropriate  identity,  usually  in  tho  form  of  a  callsign,  and  this  wouid  normally  be  in  tho 
syatem  for  use  for  a  period  of  only  a  few  minutes.  As  on  airoraft  leaves  the  controller's  area  of 
responsibility  and  a  new  airoraft  enters  it,  callsigns  drop  out  or  appear.  Various  principles  be 
followed  in  the  layout  of  tho  labels  of  callsigns  on  a  display  whioh  funotions  as  an  input  davioe.  A 
callsign  may  remain  in  tho  same  location  as  long  as  the  airoraft  remains  under  control.  When  an  airoraft 
callsign  is  removed  all  the  other  callsigns  could  be  moved  up  so  that  the  callsigns  always  tended  to 
fill  the  same  part  of  the  matrix  of  rows  and  columns,  normally  starting  from  the  top  left  position.  A 
now  callsign  could  always  be  added  at  the  end  of  a  list  or  it  could  fill  up  an  existing  space  where  one 
had  dropped  out.  These  alternative  havo  different  implications  for  learning,  for  searoh,  arl  for  errors 
in  identity.  The  problem  is  complicated  if  there  are  more  airoraft  callsigns  than  spaces  available  for 
them,  so  that  oomc  have  to  be  presented  on  a  second  "page"  whioh  the  controller  must  call  down  and  scan 
when  he  has  searched  -she  first  page  in  vain  and  whioh  replaces  the  first  page  and  uses  the  same  touoh 
sensitive  panel.  The  layout  of  callsigns  on  displays  of  thro  type  needs  to  be  studied.  The  optim’xn 
answers  to  the  above  questions  arc  not  known.  Existing  tentative  evidence  suggests  that  it  may  bo  best 
to  keep  each  callsign  in  the  position  originally  assigned  to  it  and  to  put  new  callsigns  at  the  and  of 
the  list  rather  than  to  fill  in  gaps  in  the  list.  Eventually  the  end  of  the  list  is  continued  as  a  new 
beginning.  This  prinoiple  should  not  be  extended  so  that  two  "pages"  are  ever  used  unnecessari  ly. 

The  information  layout  may  also  have  to  make  it  sasy  to  discriminate  between  certain  basic  cate¬ 
gorisations  of  information.  Examples  are  static  and  dynamic  information,  and  information  whioh  refers 
to  status  or  to  events.  The  layout  of  information  may  also  influence  the  funotions  of  it,  for  example  by 
preventing  confusions  oetwson  actual  and  prediotud  information.  The  numerous  possible  funotions  of 
displayed  information  (of.  Appendix  1)  should  be  borne  in  mind  when  decisions  are  taken  on  how  it  is 
laid  out.  As  far  as  possible  the  principles  of  layout  followed  in  different  contexts,  suoh  as  for  wall- 
mounted  displays  and  displays  for  individual  operators,  should  bo  the  same  or  at  least  logioally 
compatible.  It  is  desirable  that  the  principles  of  information  layout  are  self-evident  from  the  layout 
itself  so  that  the  U3er  is  not  unnecessarily  nystified  about  what  they  are  and  oan  use  the  layout 
principles  to  find  the  information  that  ho  needs. 

Oc  INK>HHATiGN  CONTENT 

The  information  content  to  be  presented  to  the  controller  is  initially  established  from  the  objec¬ 
tives,  job  descriptions,  and  task  analysis  or  synthesis.  These  not  only  permit  the  speoifioation  of  the 
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information  needed.,  but  also  guide  its  grouping  and  collation  onto  displays.  Information  whioh  must  be 
used  in  conjunction  with  other  information  is  distinguished  from  information  used  independently. 

Knowledge  of  human  capabilities  and  limitations  and  of  ourront  air  traffic  control  practices  can  then  be 
Applied  to  determine  the  appropriate  level  of  detail  of  information,  in  terms  of  the  time  available  for 
tasks,  the  standards  of  performance  to  be  aohieved,  and  the  knowledge  whioh  the  cc stroller  can  be  presumed 
to  possess. 

From  such  beginnings,  the  specification  for  the  information  oontent  for  each  display  is  derived. 

From  tasks,  guidance  can  be  obtained  on  the  information  whioh  is  permanently  or  temporarily  displayed, 
from  the  nature  of  the  information,  for  example  whether  it  is  statio  or  dynamic,  mandatory  or  advisory, 
essential  or  optional,  warning  or  confirmatory,  important  or  trivial,  quantitative,  qualitative  or  status, 
eto,  guidelines  can  be  derived  on  its  desirable  relative  visual  prominence  and  on  appropriate  methods 
for  its  depiction.  From  its  location,  and  its  use  by  groups  or  individuals,  suitablo  formats  can  then  be 
suggested. 

Because  there  are  eo  many  tasks  and  roles  in  air  traffio  control,  no  general  specification  for  the 
information  oontents  of  displays  oan  possibly  meet  every  air  traffic  control  purpose.  The  oontent  of 
each  individual  controller's  displays  therefore  depends  on  what  his  job  is.  It  is  not  self-evident,  but 
has  to  be  deduced.  Even  whan  the  general  guidelines  to  determine  information  content  are  olear  there  may 
not  be  agreement  on  exactly  what  should  be  presented.  An  example  concerns  the  labels  on  secondary  radar 
displays.  Clearly  the  most  vital  information  is  aircraft  identity  in  some  form;  the  general  preference 
seems  to  be  for  aircraft  callsign  because  then  the  identity  on  the  label  beside  the  appropriate  track  on 
tho  radar  display  corresponds  with  the  identity  announced  by  the  aircraft  pilot  whan  oontaoting  the 
oontroller  and  used  by  the  controller  to  oontaot  the  pilot.  The  use  of  callsignB  therefore  avoids  cross 
coding  whioh  con  be  a  source  of  errors,  delays  and  extra  work,  but  would  be  necessary  if  for  example,  a 
four  digit  code  was  used.  An  electronically  generated  ‘  .'entity  on  the  radar  for  eaoh  aircraft  track 
replaces  the  plastic  "shrimp  boats"  of  primary  radar  displays,  and  incidentally  introduces  the  option  of 
having  vertical  rather  than  horizontal  radar  displays. 

Hadar  provides  a  two  dimensional  plan  view,  on  tho  basis  of  which  many  air  traffio  control  tanks  can 
be  done,  inoluding  the  control  and  monitoring  of  traffio  flows,  the  maintenance  of  safe  separations,  the 
interweaving,  crossing  and  amalgamation  of  streams  of  aircraft,  the  detection  and  resolution  of  potential 
oenfliots,  the  sequencing  of  alroraft  for  final  approach,  the  detection  of  navigational  deviations  from 
the  planned  route,  eto.  Far  most  of  these  tasks,  one  further  item  of  information  on  the  radar  display 
would  bo  of  great  assistance,  to  the  extent  that  if  it  iB  not  shown  then  tho  controller  would  have  to 
obtain  it  by  searching  his  flight  stripe  or  electronic  displaya  of  tabular  information.  Thio  further 
item  ia  the  height  of  eaoh  aircraft.  Even  better  is  height  plus  on  indication  of  whether  eaoh  aircraft 
is  level,  olimbing  or  descending.  Therefore  aircraft  labels  on  radar  displays  commonly  show  height. 

Beyond  this  point,  the  desirable  information,  oontent  of  a  label  on  a  radar  display  startB  to  be  Diuoh 
more  debatable.  Much  information  could  be  shown,  at  the  cost  of  making  eaoh  label  larger,  cluttering 
the  dioplay,  presenting  information  whioh  is  not  often  uaod  and  introducing  potential  confusions,  for 
example  between  digits  showing  height  and  digits  showing  speed.  The  more  information  appears  on  the 
label,  the  greater  the  problem  of  label  overlap  becomes.  Although  it  is  clear  what  the  total  information 
content  must  be  for  tasko,  the  allocution  of  items  of  information  among  various  displays  is  a  matter  of 
striking  the  optimum  compromise  between  conflicting  benefits  and  disadvantages. 

Two  further  considerations  influence  the  specification  of  the  information  oontent  of  air  traffio 
control  displays.  One  ie  the  tendency  for  the  individual  workspace  to  be  fully  oooupied  or  over-oooupied 
with  displays  whioh  can  be  difficult  to  acoommodate  and  which  oontain  so  much  information  that  they  oan 
beoome  cluttered  and  difficult  to  interpret.  The  other  is  '.list  air  traffio  control  displays  must  do  more 
than  convoy  information  and  their  contents  must  therefore  foster  the  effioient  performance  of  many  other 
tasks  by  the  oontroller.  These  further  functions  are  mentioned  in  Appendix  1  in  relation  tc  task  demands. 
They  cannot  be  fulfilled  unless  the  Information  content  of  displays  meets  their  requirements  also.  A 
comprehensive  task  analysis  or  synthesis  should  show  this,  but  it  does  not  always  put  sufficient  emphasis 
on  them  or  reoognisu  some  of  the  new  roles  whioh  the  display  must  fulfil  becauso  of  changes  at  tho  man- 
machine  interface  associated  with  advances  in  display  technology  and  the  progressive  dissociation  of  the 
man  from  his  real  task  of  controlling  aircraft. 

The  information  oontent  of  air  traffio  oontrol  displays  is  not  interpretad  in  a  naive  and  untutored 
way.  Those  who  view  air  traffio  oontrol  displays  in  the  course  of  their  work  already  know  a  great  deal 
about  air  traffio  oontrol.  To  somaono  with  no  knowledge  of  air  traffio  oontrol  much  of  tho  information 
oontent  of  air  traffio  oontrol  displays  is  incomprehensible.  The  faot  that  the  knowledge  of  air  traffic 
controllers  is  taken  for  granted  when  tho  information  content  of  their  displays  is  specified  muet  not 
obscure  its  importance.  Displays  do  not  normally  oontain  information  about  air  traffio  oontrol  procoduros 
or  instructions,  nor  are  detailed  legends  provided,  as  for  a  map,  which  define  the  meanings  to  be  assigned 
to  all  the  symbols  and  information  categories  portrayed.  It  is  presumed  when  the  information  oontent 
is  specified  that  the  controller  knows  what  all  the  displayed  information  means,  what  his  tasks  are,  what 
rules,  standards  and  conventions  he  must  follow,  what  the  objectives  of  air  traffio  control  sro  and  what 
constitutes  safe,  orderly  and  expeditious  oontrol  of  air  traffio.  The  information  content  of  the  displays 
must  therefore  bo  matched  to  the  controller's  training  and  knowledge,  Sinoe  far  more  air  traffio  oontrol 
information  could  be  portrayed  than  can  be  depicted  on  displays,  there  is  a  tendency  not  to  portray 
information  all  the  time  unless  it  is  needed,  countered  by  the  preference  of  the  controller  to  see  all  the 
information  that  can  possibly  be  made  available  to  him,  or  at  least  have  access  to  it.  It  is  very  impor¬ 
tant  in  the  speoifioation  of  information  content  of  displays  to  ensure  that  the  assumptions  about  the 
controllers'  knowledge  are  oorreot.  It  would  be  a  serious  mistake  to  present  information  on  the  assump¬ 
tion  that  the  controller  will  know  what  it  means,  only  to  discover  that  he  cannot  fully  understand  it. 

Three  kinds  of  human  factors  problem  are  of  particular  importance  in  relation  to  the  information 
oontent  of  air  traffio  control  displays; 
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(1)  The  unnecessary  presentation  of  information  whioh  the  controller  already  knows  should  he 
avoided,  hut  euffioiant  information  moot  he  provided  to  serve  as  a  frame  of  reference  for  him 
so  that  he  oan  see  how  to  apply  what  he  knows  to  the  interpretation  of  the  information  content 
of  his  displays, 

(2)  The  specification  of  the  information  content  of  displays  must  not  make  too  asm y  assumptions 
about  the  controller's  knowledge  since  otherwise  vital  information  will  he  lacking)  the  con¬ 
troller's  training  should  therefore  be  examined  before  the  information  content  of  his  displays 
is  finally  specified. 

(3)  The  information  content  of  the  controller's  displays  should  he  in  a  form  and  at  a  level  which 
is  compatible  with  his  knowledge  and  experience,  and  in  particular  the  information  content 
should  facilitate  hio  recall  of  relevant  knowledge  when  it  is  needed. 

A  major  potential  advantage  of  the  direot  participation  of  experienced  controllers  in  the  specification 
of  the  information  content  of  their  displays  is  their  ability  to  relate  the  displayed  contents  to  their 
professional  knowledge. 

The  information  aontant  of  displays  should  foster  the  controller's  learning  and  understanding.  To 
loam,  he  needs  to  ba  able  to  see  the  consequences  of  hio  own  notions,  both  to  die  courage  less  successful 
procedures  and  stratagems  and  to  entrenoh  those  whioh  are  near  the  optimum.  Although  some  knowledge  of 
results  can  come  from  others  -  supervisore,  colleagues,  pilotB  -  moat  must  come  from  the  information 
oontent  of  displays  whioh  are  the  basic  means  of  conveying  information  to  the  man  about  the  system,  its 
current  condition  and  the  state  of  progress. 

Data  about  the  system  and  about  what  is  happening  in  air  traffic  control  torn)  are  therefore 
neoeoBary  for  man  to  improve  by  learning, .but  they  alBO  form  part  of  the  information  content  of  displays 
for  other  reasons.  The  amount  of  knowledge  of  the  system  and  its  functioning  needed  by  the  controller 
in  order  to  apply  hio  basic  skills  to  it  in  tho  optimum  way  is  a  matter  of  debate.  Currently,  most  air 
traffio  controllers  do  not  know  much  about  the  hardware  or  software  of  the  system,  to  the  extent  that  they 
may  oritioiee  the  system  designer  for  failing  to  achieve  what  he  never  intended.  As  wholly  manual  tasks 
are  gradually  replaced  by  tasks  whore  mail-machine  interactions  in  various  proportions  are  essential, 
evidence  has  accumulated  that  tho  man  needs  to  understand  the  functioning  of  at  least  some  aspects  of  the 
machine  quite  thoroughly  before  he  can  aohieve  the  most  safe  and  efficient  air  traffic  control  while 
using  it.  While  the  information  displayed  cannot  be  adequate  to  tell  the  man  all  he  may  need  to  know 
about  how  the  eystem  is  functioning,  and  therefore  he  must  acquire  a  considerable  understanding  of  the 
system  before  he  can  use  it  proparly,  nevertheless  it  is  taken  for  granted  that  the  information  oontent 
of  the  displays  must  contain  some  data  about  the  system  itself,  such  as  its  serviceability.  As  long  os 
all  envisaged  rolo  for  the  man  remaine  that  of  manual  intervention  and  task  performance  in  the  event  of 
system  failure,  insofar  as  this  role  is  foosible  it  follows  that  tho  information  displays  must  bo  able  to 
indioata  suoh  a  failure,  and  preferably  its  extent,  its  cause,  and  the  automated  and  manual  funotions 
whioh  oan  still  be  performed. 

A  major  difficulty  is  to  predict  what  the  information  oontent  of  the  displays  would  be  if  the  system 
were  to  fail  in  a  way  in  whioh  it  had  never  failed  before.  In  highly  automated  syotama,  very  many  kinds 
of  failure  oan  occur,  all  of  whioh  are  likely  to  be  rare  and  unfamiliar.  In  the  event  of  a  failure,  tho 
man  may  have  no  way  of  knowing  what  has  occurred  or  what  its  implications  are,  except  by  the  information 
oontent  of  the  displays  that  remain  to  him.  In  certain  instances  of  failure,  there  may  be  no  information 
content,  or  the  dynami c  information  may  freeze  in  its  condition  when  laot  updated.  This  may  indicate  a 
failure,  but  not  its  nature  or  extent  or  the  moat  appropriate  course  of  action. 

The  information  oontent  of  displays  derived  from  data  stored  and  collated  in  a  computer  can  be 
seriously  defioient  in  qualitative  information.  The  strength  of  processes  sunh  ao  task  analysis  and  syn¬ 
thesis  is  their  efficacy  in  defining  the  quantitative  information  required;  a  weakness  can  ba  their 
inadequate  ooverage  of  its  qualitative  aspeots.  The  information  content  of  displays  should  inoludo  in 
some  form  some  ouss  to  tha  quality  of  the  data  portrayed  -  its  accuracy,  the  frequency  and  magnitude  of 
its  updating,  and  the  extent  to  whioh  it  should  bo  trusted.  A  secondary  radar  display,  or  a  tabular 
information  display  of  air  traffio  control  alphanumeric  data,  provides  no  visual  distinction  between 
accurate  or  inaoourato  data,  between  data  whioh  are  up-to-uate  or  are  out  of  date,  or  between  data  whioh 
should  or  should  not  be  trusted.  Here  the  problem  is  not  simply  to  recognise  tliat  tha  information  oon¬ 
tent  of  tho  air  traffio  control  display  should  incorporate  some  qualitative  information  of  these  kinds; 
it  is  also  a  problem  of  portrayal,  sinoa  widely  acknowledged  and  accepted  visual  conventions  to  depict 
even  gross  differences  in  information  quality  are  not  to  hand,  though  they  are  badly  needed. 

In  air  traffio  control  and  alaewh  re,  various  forms  of  automation  are  beginning  to  pose  a  problem  now 
whioh  will  become  more  severe  in  future,  and  whioh  direotly  affects  decisions  about  the  information 
oontent  of  displays:  if  certain  aspeots  of  systems  are  too  complex  for  tho  man  to  understand,  and  are 
designed  to  function  automatically,  it  uesme  probable  that  even  his  most  well  meaning  and  well  informed 
attempts  to  intervene  might  do  more  harm  than  good.  If  it  is  suspected  that  the  man  may  misinterpret  the 
contents  of  information  displays  in  this  way,  one  solution  is  to  withhold  tho  information  from  him  by  not 
presenting  it  on  his  displays.  Not  tho  least  of  current  problems  when  deoiding  what  information  should 
be  presented  to  the  man  is  to  consider  what  he  could  possibly  do  with  it,  and  whether  any  of  his  mis¬ 
understandings  from  an  inadequate  appreciation  of  its  significance  could  be  so  potentially  dangerous  that 
tho  information  must  not  ba  presented  at  all.  This  kind  of  problem  is  already  being  faced  in  the  context 
of  other  large  nan-machine  systems  suoh  as  nuclear  power  plants  and  ohemicsl  processing  plants  and 
advanced  airoraft  cockpits,  and  it  seem  likely  to  arise  in  air  traffic  control.  It  is  also  dear  that 
any  apparently  simple  solutions  to  it  are  likely  to  prove  far  too  facile. 


69 


3d  VISUAL  COEINQS,  INCLUDING  COLOUR 

This  section  la  ooncemad  with  tha  main  visual  pay  oho  physical  variables  which  can  be  employed  to 
aode  the  information  on  air  traffio  control  displays.  Where  applicable,  it  inoludes  some  indication  of 
appropriate  applications  and  limitations  of  each  coding  variable. 

Dimensions 

Perhaps  the  most  basic  distinotion  is  between  point,  line,  area  and  volume  oodes,  which  with  some 
slight  simplification,  can  be  described  as  codings  in  no,  one,  two  or  three  dimensions.  In  air  traffic 
control,  information  based  on  this  distinotion  is  confined  almost  entirely  to  radar  displays  and  ancil¬ 
lary  map  displays:  on  displays  of  tabular  information,  the  uses  of  points  and  lines  tend  to  be  limited 
to  the  visual  structuring  and  alignment  of  other  data. 

Point 

A  point  on  a  radar  display  denotes  the  looation  of  an  item;  a  point  alone  oannoi  convey  much  further 
information,  and  it  naeds  to  be  embedded  in,  or  associated  with,  further  codings  If  information  about  the 
nature  of  the  located  item  has  to  be  presented  to  the  controller.  Different  categories  of  information 
cannot  be  conveyed  by  points  alone.  At  least  as  a  coding  points  have  the  advantage  that  they  do  not 
ocoupy  much  space] 

Line 

Lines  are  often  used  extensively  for  coding  on  radar  displays,  as  straight  lines  nr  ourvso,  and  as 

continuous  lines  or  lines  segmented  in  a  variety  of  way's.  A  line,  used  to  depict  an  aircraft  track,  can 

show  position,  heading,  approximate  speed,  and,  if  associated  with  a  point  or  symbol,  direction  of  move¬ 
ment.  A  line  aan  also  serve  as  a  tag,  to  associate  the  position  o.f  an  aircraft  with  further  information 
about  it. 

Lines  are  employed  to  depict  boundaries,  for  example  whore  there  is  a  change  of  air  traffio  control 
responsibility,  and  to  depiot  linear  features  such  as  coastlines.  Circular  lines,  in  tha  form  of  range 
rings,  connect  points  that  are  equidistant  from  a  designated  position.  Pecked  lines  may  be  used  as  a 
kind  of  eleotronio  ruler  to  assess  distances.  Line  coding  has  been  tried,  but  with  less  duooqod,  to 
depiot  height  by  a  ooluma,  particularly  in  attempts  to  inoludo  e.  perspective  viow  of  three  dimensional 
traffio  on  a  two  dimensional  surface.  A  further  use  of  line  coding  has  been  to  extend  it  ahead  from  a 

current  position  to  show  the  predicted  routes  of  an  aircraft  and  future  positions. 

If  more  than  one  meaning  may  be  assigned  to  a  line  on  a  display,  these  meanings  must  be  clearly 
distinguished  by  combining  the  lines  with  other  codings,  of  whioh  colour  and  segmentation  are  likely  to 
be  the  most  successful.  Contrast  may  also  be  varied  in  association  with  line  coding,  but  line  thickness, 
a  successful  coding  nn  some  hard  copy,  is  seldom  suitable  for  eleotronio  displays. 

Area 

A  scries  of  lines  are  the  usual  method  of  depicting  an  area,  by  outlining  it.  The  commonest  types 
of  area  depicted  on  air  traffio  oontrol  displays  concern  airways  or  air  corridors,  danger  zones,  and 
regions  within  which  soma  flying  restriction,  suoh  as  a  minimum  altitudo,  is  in  foroo.  Lino  codings 
depicting  different  kinds  of  areas  must  themselves  be  ccnspi ouous ly  different.  If  other  codingo  are  com¬ 
bined  with  lineo  and  areas,  the  meaning  of  each  combination  must  be  unique.  The  distinction  in  meaning 
between  lines  whioh  differ  in  brightness  or  colour,  for  example,  must  correspond  to  differences  in  meaning 
between  any  other  symbols  or  information  whioh  also  differ  in  the  same  way  in  brightness  or  colour.  This 
principle  is  vital:  to  ignore  it  can  be  potentially  dangerous.  Further  important  principles  are  that 
any  differences  between  lines  must  remain  clearly  disoriminablo  under  the  moot  adverse  viowing  conditions 
and  must  never  be  near  the  visual  threshold,  and  that  the  magnitude  of  the  visual  diiferenoe  resulting 
from  the  codings  should  boar  a  reasonably  close  relationship  to  the  operational  significance  of  the  dif¬ 
ference  whioh  it  depicts , 

Volume 

Apart  from  experimental  three  dimensional  displays,  codings  by  volume  are  not  used  in  air  traffic 
control.  They  should  not  be  confused  with  area  or  linear  codings  that  may  bo  employod  in  attempts  to 
depiot  three  dimensional  space  on  a  two  dimensional  surface.  Height  information  about  aircraft  in  plan 
view  exemplifies  three  dimensional  data  on  a  two  dimensional  display. 

Shape 


Shape  coding  is  by  far  tha  commonest  coding  employed  for  information  on  air  traffic  control  displays. 
Usually  it  takes  the  forms  of  alphanumeric  oharaoters  or  symbols. 

Alphanumerioo 

There  are  various  national  and  international  standerds  for  the  design  of  alphanumeric  characters,  but 
meet  of  these  are  intended  for  nor. -luminous  character*  with  good  contrast  with  their  backgrounds  and  full 
flexibility  in  their  depiction.  Electronically  generated  oharaoters  generally  have  restricted  flexibility, 
and  sometimes  technological  limitations  can  impose  serious  constraints  on  their  legibility.  In  air  traffic 
control,  alphanumeric  characters  have  the  great  advantage  that  they  oan  often  oonform  olosely  to  the 
content  of  the  visual  or  verbal  message  received  in  alphanumeric  form  (e.g.  callsigns,  heights,  speeds, 
reporting  times,  eto),  and  therefore  alphanumerioe  can  obviate  much  cross  coding. 

Tha  extent  to  whioh  alphanumeric  characters  can  differ  is  illustrated  in  Figures  8  and  9.  The  aim 
in  the  design  of  any  set  of  alphanumeric  character's  is  to  make  them  as  legible  as  possible  and  as 
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discriminable  as  possible  from  each  other,  within  the  limits  set  by  oontext  of  use,  physical  environmental 
viewing  conditions,  and  principles  for  character  generation,  such  as  the  use  of  a  t  Jt  5  dot  matrix. 
Occasionally,  these  limits  become  so  severe  that  a  full  set  of  oharaoters,  all  of  which  are  sufficiently 
,  discriminable  to  meet  operational  requirements,  cannot  be  generated,  although  with  technological  adv- 
\  anoes  this  difficulty  has  become  muoh  Iobs  common  in  recant  years.  Indeed  technology  has  now  advanced 
so  far  that  there  can  no  longer  be  any  valid  exouse  for  tolerating  poorly  disoriminable  alphanumeric 
,  oharaoters  on  electronically  generated  air  traffic  control  displaysj  many  good  oharaoter  sets  are  avail¬ 
able,  and  poorly  disoriminable  oharaoters  can  be  hazardous. 

The  height  of  alphanumeric  characters  on  air  traffic  control  displays  may  not  agree  with  handbook 
recorsnendatioriB ,  axpeoially  for  characters  on  radar  displays  where  compaatnes3  ie  sought  to  minimise 
clutter  and  label  overlap.  Air  traffic  controllers  have  high  eyesight  standards.  The  oharaoters  in 
figures  8  and  5  would  require  different  heights  to  ensure  legibility.  It  is  therefore  not  possible  to 
give  a  single  recommended  height  for  alphanumeric  oharaoters  on  air  traffic  control  displays,  regardless 
of  other  factors:  sources  whioh  do  should  be  treated  with  scepticism. 

The  principles  to  test  for  the  discriminability  of  alphanumeric  oharaoters  ore  fairly  standard:  they 
include  the  progressive  degradation  of  oharaoters  or  viewing  conditions  to  discover  their  margin  of 
safety,  the  measurement  of  errors  whioh  oocur  during  task  performance,  and  the  emphasis  on  known  sources 
of  confusion  to  ohaok  that  none  of  them  is  prevalent.  Examples  of  known  common  confusions  are  between 
0  arid  0,  between  S  and  5  and  8,  between  .1  and  1,  etc.  The  quirks  of  a  particular  method  of  oharacter 
generation  may  result  in  confusions  between  oharaoters  not  normally  confused  with  each  other.  The 
compilation  of  a  grid  in  which  the  presented  character  is  compared  with  the  reported  oharacter ^5 
reveals  particular  confusions  whioh  may  have  to  be  tackled  as  Bpeoifio  artifacts  of  the  particular 
character  set  and  require  ad  hoc  solutions.  Sometimes  in  designing  individual  alphanumeric  oharaoters 
it  is  advantageous  to  exaggerate  somewhat  the  most  salient  features  of  each,  as  a  means  of  enhancing 
their  discriminability  from  each  other.  Characters  whioh  are  to  a  slight  extent  oaricaturoB  of  themselves 
can  appear  odd  when  drawn  at  a  large  scale,  but  acceptable  and  in  no  way  exceptionable  when  presented  on 
an  air  traffic  control  display  at  a  small  size,  including  the  slight  visual  thiokening  and.  tlurriug  of 
oharaoters  often  associated  with  cathode  ray  tube  displays. 

Shape  coding  is  also  a  basis  for  symbols,  whioh  are  used  on  sir  traffio  control  displays  of  tabular 
information  and  on  radar  displays.  Tha  use  of  symbology  in  air  traffic  oontrol  is  novorthalosu  quite 
limited  compared  with  its  use  in  other  contexts  Buoh  as  air  defence  systems,  and  therefore  the  visual 
problems  which  oan  arise  from  combinations  and  superimpositions  of  symbols  do  not  normally  oocur  in  their 
severest  forms  on  air  traffio  control  displays.  Proposals  for  elaborate  symbology  codings  in  air  traffio 
control  are  made  from  time  to  time,  but  seldom  reach  fruition. 

In  shape  coding,  there  is  a  potential  clash  between  tho  requirement  to  maximise  the  diucriminability 
of  eaoh  symbol,  and  the  requirement  for  on  unambiguous  name  or  descriptor  for  eaoh  symbol.  There  may  be 
no  obvious  name  to  denote  a  gawky  irregular  shape  whioh  in  fact  iB  highly  disoriminable  from  itB  back¬ 
ground  and  from  all  others:  as  a  consequence  it  is  discarded  in  favour  of  other  shapes  (triangle,  square, 
oirole,  octagon,  eto)  whioh  may  in  faot  be  lees  discriminable  from  oaoh  other  but  have  the  advantage  of  an 
unambiguous,  universally  known,  and  recognisable  name.  This  property  of  alphanumorio  oharaoters  as  shapes, 
that  oaoh  has  a  name,  is  so  often  taken  for  granted  but  perhaps  is  their  major  advantage,  to  tho  extent 
that  alphanumeric  oharaoters  are  retained  and  efforts  are  made  to  improve  them  oven  when  they  are  poorly 
discriminated,  because  they  can  be  designated  so  unambiguously.  They  differ  grossly  in  certain  visual 
dimensions  ouch  no  symmetry,  but  nevertheless  are  viewed  as  a  distinct  shapo  category,  as  are  symbols 
with  equally  familiar  names. 

Symbols  whioh  are  not  inherent  meaningful  in  this  way  are  more  readily  confused  with  each  other,  and 
although  they  may  be  easily  discriminated  if  they  are  present  on  a  dieplay  at  the  same  time,  confusions 
can  nevertheless  arise  if  they  have  to  be  referred  to  in  order  to  convey  information  to  others.  Certain 
combinations  of  shapes,  and  of  symbols  in  particular,  with  other  codings  ouch  as  eize,  brightness,  ooloui 
or  flashing,  are  usually  possible  without  impairing  the  controller's  ability  to  recognise  the  shape,  but 
attempts  to  combine  one  symbol  which  denotes  one  moaning  with  another  symbol  which  denotes  another  meaning 
into  a  single  symbol  intended  to  convoy  the  meaning  of  both  Bay  render  both  the  original  symbols  and  the 
combined  one  unrecognisable.  The  visual  principles  involved,  though  often  oited  aa  tho  basis  for  symbol 
oats,  must  always  be  employed,  if  at  all,  with  extreme  caution.  It  is  best  in  air  traffio  control  to 
keep  to  simple  inherently  meaningful  symbols  such  as  arrows,  with  a  few  easily  named  shapes  to  denote 
major  categorise  (preferably  with  shape  as  a  redundant  coding  combined  with  another  coding  dimension). 
Certain  oymhols,  ouch  aa  asterisks,  should  be  U3ed  very  sparingly:  they  have  a  oommonly  recognised  name 
out  no  inherent  meaning  in  an  air  traffio  oontrol  context  so  that  their  significance  hoe  to  be  learned 
and  remembered.  Symbols  whioh  have  neither  an  obvious  tsiique  name  nor  an  inherent  familiar  moaning  should 
be  avoided  if  at  all  possible  in  air  traffio  control. 

Size 


Size  as  a  coding  dimenaion  ie  not  used  much  in  air  traffio  control,  but  it  oan  be  very  useful. 
Normally  information  on  air  traffic  control  displays  is  presented  as  compactly  as  practicable  for  safe 
and  effioient  use.  Therefore  there  are  few  opportunities  to  employ  sizo  coding  by  reducing  the  size  of 
items  of  information:  its  usage  must  therefore  be  confined  mainly  to  increases  in  size.  Tho  selective 
’ise  of  increases  in  sizo  can  make  the  required  item  of  information  stand  out  well  without  disrupting 
everything  else  excessively.  Oily  one  increase  in  size  is  usually  praotical,  or  at  the  most  two  in  very 
rare  oiroumstanoes.  Sizo  is  more  effective  as  a  relative  than  as  an  absolute  coding.  It  may  be  readily 
apparent  that  items  of  data,  such  as  labels,  oharaoters  or  rows,  are  not  all  of  the  same  size  when  they 
are  present  on  the  dieplay  together,  but  muoh  more  difficult  to  tell,  if  all  of  the  presented  items  are  of 
the  same  size,  which  of  several  possible  sizes  they  in  faot  are.  Size  as  a  coding  must  always  be  used 
sparingly.  Differences  in  eize  should  be  related  to  the  importance  of  the  distinction  drawn;  if  an  item 
is  very  large  it  must  be  vary  important  iudeed.  Size  as  a  coding  dimension  can  also  be  useful  when 
applied  to  the  gaps  between  items  or  blocks  of  items,  rather  than  to  the  items  themselves.  Differences 
in  the  size  of  gaps  may  designate  clearly  dlfferenooB  in  the  degree  of  association  between  data  in 
different  blocks. 
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Texture 

Texture  as  a  coding  ia  not  applicable  on  most  air  traffic  control  displays  or  on  elsotronically 
generated  displays,  where  subtle  differences  in  surfaoe  texture  within  symbols  may  be  difficult  to  re¬ 
present.  Clily  gross  differences  in  texture,  as  between  outlined  and  filled  symbols,  may  be  worth  consid¬ 
ering,  and  then  only  if  there  is  a  compelling  logic  which  makes  the  respective  meanings  assigned  to 
different  textures  obvious. 

Contrast  and  Brightness 

Contrast  is  a  main  determinant  of  the  possible  usss  of  brightness  as  a  coding  dimer- ion.  In  addition 
most  elsotronio  data  displays  impose  some  limitations  on  the  different  brightnesses  that  oan  be  generated, 
fbr  information  on  air  traffio  control  displays  in  a  modern  environment  with  ambient  lighting  approaching 
the  standards  recommendod  for  offices,  and  with  display  surfaces  which  do  not  have  high  refleotanoe,  a 
contrast  ratio  between  luminous  characters  end  their  background  of  about  3:1  is  generally  suitable. 

Contrasts  greater  than  about  10:1  tend  to  show  some  disadvantages  and  higher  contrast  ratios  per  se  convey 
no  benefits.  Ratios  below  about  6:1  nay  begin  to  produce  difficulties  or  occasional  misreadings  in  eome 
ciroumetauoes,  although  ratios  as  low  au  3:1  may  sometimes  be  tolsrable  for  certain  kinds  of  non-eBSential 
information  which  are  meant  for  reference  and  are  deliberately  intended  to  be  unobtrusive.  To  maintain 
legibility  the  size  of  characters  may  have  to  be  inoroasod  if  their  contrast  is  poor:  even  so,  increased 
size  can  compensate  for  reduced  contrast  only  within  narrow  limita. 

These  contrast  ratios  are  guidelines:  there  is  no  need  to  follow  them  slavishly,  and  due  regard  must 
always  be  paid  to  the  effects  of  particular  display  oharactoristios  or  physioal  environmental  conditions. 
However,  any  use  of  brightness  as  a  coding  should  not  incur  gross  violations  of  these  guidelines  for 
contrast,  and  the  differences  in  brightness  must  be  dearly  dieoriminable.  The  implications  are  that  only 
two  brightness  levels  oan  normally  bs  employod,  and  that  brightness  is  usually,  though  not  nooeeoan ly 
always,  used  to  introduce  a  few  items  of  more  important  information  at  a  higher  brightness  than  the  standard 
ons,  rather  than  to  present  items  of  less  importance  at  a  lower  brightness  level  than  the  standard. 

A  resent  problem,  an  artifact  of  technical  achievements,  is  that  the  background  of  a  modem  cathode 
ray  tube  can  sometimes  beoome  so  textureleao  ac  to  contain  no  visual  surface  peroeivable  to  the  viewer. 

High  contrast  items  of  information  can  therefore  appear  to  be  floating  in  spaoe  within  the  display  rather 
than  resting  on  a  surface.  This  problem  can  be  aggravated  by  colour  coding,  whioh  may  make  differently 
ooloured  items  of  information  appear  at  different  visual  distancos,  an  offeot  whioh  is  merely  discon¬ 
certing  and  not  sufficiently  regular  or  controllable  to  render  these  apparent  differences  in  visual 
distances  useful  in  thair  own  right  as  a  coding  dimension.  Sinoe  toxtureless  backgrounds  are  often 
associated  with  oxoessive  contrast,  the  beat  human  factors  solution  is  usually  to  degrade  the  background 
ao  that  some  surface  texture  is  perceivable,  or  to  use  the  ambient  lighting  to  impose  a  just  peroeivable 
visual  surfaoe  on  the  display. 

to  luminous  ail'  traffio  control  displays,  the  convention  ia  to  have  bright  oharaoters  on  a  dark  back¬ 
ground,  The  concept  of  inversion  in  this  oontext  therefore  refers  to  dark  oharaoters  against  a  light 
baokgiouid.  Its  meaning  for  luminous  displays  is  therefore  the  opposite  to  that  for  non-luminous  displays 
such  ou  hard  copy  where  inversion  generally  refers  to  bright  oharaoters  against  a  dark  background  and  dark 
characters  are  the  norm.  As  a  coding,  inversion  can  be  effective  in  principle  if  used  sparingly  and  with 
a  realistic  appraisal  of  the  consequent  problems  that  have  to  bs  overcome.  Ono  of  these  is  that  oharaoters 
on  luminous  displays  almost  certainly  must  bs  thickened  and  may  have  to  be  redesigned  or  increased  in  size 
to  retain  their  legibility  when  they  are  inverted  and  become  dark  oharaoters  against  a  light  background. 
Another  conaoquent  problem  is  that  the  extensive  use  of  inversion  increases  grossly  the  total  light  out¬ 
put  or  luminous  flux  from  the  display  as  a  whole:  this  can  create  extensive  patohes  or  areas  of  the 
display  which  seam,  and  are,  excessively  bright  in  relation  to  the  other  sources  of  light  within  the 
workspace.  Exteruiivo  use  of  inversion  as  a  coding  can  therefore  upset  a  careful  design  intended  to  bring 
the  various  light  sources  into  harmonious  balance.  Thus,  if  used  properly  and  rarely,  inversion  can  bo  an 
effective  coding  dimension  for  air  traffio  control  displays:  if  misused  or  applied  in  ignorance  of  the 
consequential  offoots  that  have  to  bo  allowed  for,  it  oan  render  information  illegible. 

Co  lour 

Probably  the  moot  attractive  mid  most  studied  coding  for  air  traffic  control  displays  and  for  displays 
in  many  other  contexts  in  recent  years  is  colour126,127.  to  non-lurainous  displaye,  colour  is  really  throe 
codings,  hue,  value  and  ohronia,  whioh  can  bs  varied  independently.  Technological  principles  or  limitations 
preclude  the  independent  manipulation  of  these  three  dimensions  in  luminous  displays.  Colour  display 
teohnology  lias  advanced  greatly  in  recent  years,  and  will  oontinue  to  do  so  in  the  near  future.  This  haB 
two  implications:  one  is  that  any  current  application  of  colour  coding  is  likely  to  become  technically 
obsolete  in  a  short  tiros;  the  othnr  is  that  there  is  a  risk  of  introducing  colour  coding  in  a  form 
diotated  by  what  is  immediately  feasible  in  the  present  state  of  technology  rather  than  what  would  be 
ideal  or  most  offioient  for  air  traffic  control.  It  iu  seldom  possible  with  ourrent  technology  to  por¬ 
tray  related  information  on  several  udjaoont  air  traffic  control  displays  with  a  different  technological 
basis  in  the  same  colour,  yet  this  might  be  an  effeotive  usage  of  colour  on  air  traffio  control  displays. 

toe  compelling  reason  for  in  traducing  odour  is  because  it  is  available.  Another  is  that  people 
like  it  so  muoh.  These  may  in  themselves  be  sufficient  reasons  for  introducing  colour  displays  into  sir 
traffio  control,  but  it  is  unlikely  that  the  introduction  of  colour  coding  wj  11  bring  marked  benefits  in 
task  performance,  effioienoy  or  safety  at  the  present  timo.  The  reason  is  not  that  colour  is  ineffective; 
indeed  as  a  coding  it  con  be  highly  successful.  Rather  the  reason  is  that  alternative  monochrome  oodings, 
selected  with  oare,  can  usually  be  equally  effeotive.  fbr  example,  colour  ooding  can  help  to  counter  the 
effeots  of  label  overlap  on  radar  displays,  but  i1  is  not  the  best  way  to  deal  with  label  overlap.  Also, 
colour,  boing  highly  influential  ao  a  visual  codi  g,  oan  predominate  visually  over  other  codings  whioh 
are  also  present,  and  should  therefore  be  reserved  for  distinctions  of  major  significance .  But  colour 
comes  late  to  air  traffic  control  radar  mild  eleotronically  generated  displays.  Distinctions  of  major 
significance,  essential  to  air  traffic  control  tasks,  are  already  in  existence  in  monochrome,  using 
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oodings  which  have  become  familiar  to  users,  the  effectiveness  and  safety  of  whioh  have  been  proved. 

Colour  must  always  be  used  in  the  same  way  throughout  to  make  distinctions  on  only  one  dimension. 

The  present  options  for  vising  colour  coding  arei 

(1)  To  wait  until  a  new  and  vital  distinction  is  needed  in  air  traffic  control  information,  and  to 
ooneider  the  relevance  of  colour  coding  to  it. 

(2)  To  use  colour  to  make  a  distinction  not  hitherto  made,  whioh  tends  to  imply  a  trivial  or 
optional  usage  whioh  has  not  hitherto  keen  essential  in  air  traffio  control. 

(3)  To  reinforce  by  colour  an  important  existing  distinction  currently  made  by  a  monoohrome 
coding  by  using  colour  as  a  redundant  code  end  depicting  the  distinction  in  colour  as  well. 

(4)  To  replace  an  existing  familiar  important  monochrome  code  with  colour  ceding  and  to  use  colour 
as  a  non— redundant  code. 

(5)  To  uoe  oolour  coding  in  a  partially  redundant  way,  by  combining  or  sub-dividing  distinctions 
embodied  in  more  than  one  existing  monochrome  ooding. 

In  praotice,  it  is  almost  impossible  to  use  electronically  generated  colour  coding  in  a  wholly  non- 
redundant  way,  since  for  technical  reasons  colour  differences  are  invariably  confouided  with  differences 
in  brightness  and  in  contrast  in  current  real-life  applications  of  colour  ooding.  The  ourrently  prefer¬ 
red  monochrome  colour  for  luminous  air  traffio  control  displays  is  usually  green.  ThlB  is  partly 
because  it  lies  in  the  most  sensitive  part  of  the  visual  spectrum,  and  in  terras  of  contrast  is  often 
better  than  yellow  or  white  (with  exoeseive  contrast)  and  than  led  or  blue  (with  too  little  contrast). 

If  uolour  is  used  for  a  single  olearly  defined  purpose,  then  the  usage  of  colour  can  be  optimised  for 
it.  In  air  traffio  control,  these  circumstances  never  apply.  The  coding  must  serve  several  functions 
in  different  air  traffio  control  tasks,  and  any  particular  application  of  a  ooding  therefore  tends  to 
foster  some  tasks  and  to  hinder  others,  Numerous  possible  applications  of  colour  coding  on  air  traffio 
control  displays  have  been  suggested'2  .  They  include: 

(1)  Distinctions  between  eostbound,  westbound  and  oroaeing  traffio. 

(2)  Distinctions  between  aircraft  controlled  by  a  specified  individual  controller  or  controlled  by 
others . 

(3)  Distinctions  of  air or ait  according  to  their  height. 

(4)  Distinctions  between  aotual  information  and  predicted  information,  or  between  ourrent  and 
future  states. 

(5)  Distinctions  according  to  the  nature  of  the  air  traffio  control  service  provided  or  offered. 

Colour  coding  would  probably  succeed  for  any  of  these  applications  for  certain  tasks,  at  the  cost  of 
hindering  other  tasks,  but  the  veiy  faot  that  sc  many  usee  have  been  seriously  considered  suggests  that 
colour  coding  is  not  obviously  uniquely  suitable  for  any  partioular  application.  Logically,  perhaps  the 
favoured  distinction  would  be  between  eaetbouid,  westbound  and  orossing  traffio  on  a  controller's 
display,  oincs  his  flight  atrip  information  is,  or  was,  oolour  coded  according  to  this  convention,  and 
therefore  the  controller  is  familiar  with  it.  While  this  usage  can  facilitate  the  controller's  ability 
to  perceive  as  a  single  visual  entity  on  a  radar  display  a  (stream  of  aircraft  flying  along  an  airway  in 
the  some  direotion,  it  may  not  facilitate  the  detection  of  potential  confliots  between  opposito  direction 
traffio,  the  conflicts  requiring  most  urgent  attention,  sinoe  this  would  require  tho  cross-referencing  of 
data  in  different  colours  whioh  may  be  more  difficult  to  perceive  as  items  to  be  ooraparod  when  they  are 
in  different  colours  than  thsy  would  bs  when  in  monochrome. 

In  principle,  oslour  coding  facilitates  search  tasks,  but  this  holds  true  only  if  the  colour  of  the 
sought  item  is  known  beforehand.  If  an  item  of  information  in  a  tabular  air  traffic  control  display 
changed,  and,  because  it  had  changed,  was  coded  in  a  different  colour  until  the  controller  acknowledged 
that  he  had  noted  the  oliange,  whereupon  it  reverted  to  normal,  this  usage  of  colour  ooding  would  facili¬ 
tate  search.  However,  to  code  the  changed  item  in  a  larger  size,  at  an  increased  brightness,  or  by 
flashing,  would  all  achieve  comparable  results  in  monochrome.  Similar  considerations  apply  to  the  ooding 
of  information  needed  for  emergencies.  Colour  con  succeed  about  as  well  as  alternative  monoohrome  codings. 

Two  kinds  of  advantage  for  colour  as  a  ooding  may  however  be  postulated  for  consideration,  cno  is 
that,  if  the  same  colours  can  be  generated  on  different  displays,  the  orosB-reference  of  information  on 
different  displays  all  relevant  to  an  emergency  or  partioular  problem  oould  be  helped  if  all  the  relevant 
data  oould  bo  presented  temporarily  on  all  the  displays  in  the  same  oolour,  a  colour  not  employed  for 
any  other  purpose  elsewhere.  The  other  putative  advantage  is  that  although  oolour  ooding  may  not  of 
itself  improve  the  performance  of  tasks  at  the  time  when  they  are  done  it  may  facilitate  tho  subsequent 
recollection  of  them  and  of  the  information  that  was  present. 

The  general  guideline  that  three  or  four  colours  only  should  be  used  on  displays  is  reasonable  for 
most  air  traffio  control  applications,  and  particularly  for  categories  of  dynamic  information.  For  back¬ 
ground  information,  at  lower  contrast  levels,  many  more  colours  can  be  used.  A  topographical  map  or  a 
projected  moving  map  display  illustrate  the  subtlety  and  complexity  of  colour  ooding  that  can  be  employed 
successfully  if  the  format  is  appropriate  and  the  coding  conventions  are  olearly  understood  or  self- 
evident.  Many  colours  can  be  employed  in  semi -pictorial  applications,  such  as  the  depiction  of  boundaries 
and  danger  zones,  aa  long  as  they  are  all  discri minable  and  acre  not  obtrusive  enough  to  become  confined 
with  dynamic  information  about  individual  aircraft. 
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It  cannot  be  emphasised  too  (strongly  that  the  efficacy  of  colour  as  a  coding  does  not  depend 
primariiy  on  colour  at  all  but  on  contrast .  A  red  character  against  a  green  background  can  ho  very 
difficult  to  read  if  the  contrast  ratio  between  character  and  background  is  nearly  111.  The  need  to 
maintain  reoormendod  contrast  ratios  when  employing  colour  coding  is  of  overriding  importance. 

Colour  combines  quite  well  visually  with  most,  but  not  all,  other  codes.  It  can  often  be  used  in 
conjunction  with  shape,  size  or  brightness.  With  point  information,  colour  is  just  about  useless,  and 
with  lines  its  value  is  limited.  Attempts  to  combine  colour  with  inversion  can  be  bo  ill  judged  as  to 
produce  olassio  demonstrations  of  how  colour  coding  should  not  be  used.  Cn  the  whole  on  air  traffic  con¬ 
trol  displays,  it  is  best  when  using  colour  coding  not  to  attempt  to  colour  both  information  items  and 
aeotions  of  the  background  as  distinct  from  the  whole  background.  If  thia  is  attempted,  the  legibility 
and  aesthetio  qualities  of  the  outcome  can  be  grossly  different  from  what  would  be  predioted.  Sometimes 
for  example,  a  Buoaesaful  application  of  oolour  ooding  to  a  row  of  data  on  a  tabular  air  traffio  control 
display  is  to  vary  the  chroma  and  value  but  not  the  hue  witter,  the  row:  an  instance  would  be  pale 
unsaturated  blue  alphanumerion  against  a  dark  saturated  blue  bond  as  background.  Never  introduce  this 
kind  of  combination  of  colour  ooding  based  cn  theoretical  visual  principles  only,  without  checking  to 
see  what  it  would  actually  look  like. 

Stabi lity 

One  way  to  draw  attention  to  information  on  a  display  is  to  move  it  or  change  its  state .  Care  has 
to  be  exercised  when  this  ie  done)  a  movement  or  change  glimpsed  peripherally  for  an  instant,  which  is 
no  longer  there  by  the  time  the  observer  can  look  at  it  directly  to  determine  what  has  moved  or  changed, 
can  be  irritating  and  lead  to  time  consuming  data  checking.  The  use  of  movement  as  a  coding  also  dependu 
on  the  display  phosphor,  with  long  persistence,  movements  have  to  be  relatively  large  and  infrequent  to 
curtail  smear.  With  a  short  persistence  phosphor,  movements  of  labels  and  tracks  can  be  in  much  smaller 
increments,  can  give  an  impression  of  continuity,  and  can  therefore  convey  greater  positional  accuracy • 
Coding  should  not  bo  by  movement  alsno,  and  dynamic  information  should  be  portrayed  differently  from 
static  information  so  that  the  two  can  always  readily  be  distinguished.  Methods  of  generation  of  data, 
nn  air  traffic  control  displays  which  can  induca  any  form  of  spurious  apparent  iwvemsnt  should  be 
avoided. 

Plashing  or  blinking  of  items  of  information  can  be  an  effective  wav  of  drawing  attention  to  them, 
but  is  distracting  if  it  persists.  Flashing  or  blinking  can  be  used  to  denote  the  occurrence  or  immanence 
of  a  change,  but  should  bo  cancelled  automatically,  or  by  a  simple  manual  function,  whenever  the  required 
action  has  been  initiated.  The  recommended  flashing  or  blinking  rate  is  about  two  cycles  per  second,  with 
the  duration  of  eaoh  flash  or  blink  being  approximately  as  long  as  the  duration  of  the  gap  between  con¬ 
us  out  iva  flashes  or  blinks.  Flashing  as  a  coding  must  be  used  sparingly,  to  draw  attention  to  information 
of  importance.  As  a  general  guide  there  should  not  normally  be  any  visible  flaehing  items  of  information 
on  a  display  while  it  is  in  use.  Flashing  should  be  an  occasional  and  oelcotive  coding.  It  is  not 
inherently  meaningful,  and  is  bast  employed  to  dra  i  attention  rather  than  convey  information.  Different 
frequencies  of  flashing  are  not  recommondod  as  a  means  of  drawing  distinctions,  The  differencea  have  to 
be  gross  to  be  reliably  discernible  and  interpreted  correctly. 

All  the  codings  discussed  above  refer  to  visual  differences  in  the  coded  information  itself.  It  ie 
also  possible  to  code  distinctions  by  tho  inclusion  or  exclusion  of  additions  to  the  information,  while 
keeping  the  information  i+uelf  constant.  An  example  already  mentioned  concerns  tho  addition  of  asterisks 
or  similar  symbols  to  distinguish  designated  items  of  information  from  others.  Underlining  ie  a  further 
example.  Additions  to  symbology  oan  become  quite  complex.  For  example,  a  box  may  be  drawn  electronically 
around  the  aircraft  label  on  a  radar  display  to  denote  that  the  aircraft  has  strayed  from  its  planned 
flight  path  by  more  than  a  defined  tolorated  margin;  tho  box  may  be  retained  as  long  as  tho  aircraft 
remains  in  this  condition;  part  of  the  box  may  remain  to  denote  that  a  revised  heading  has  been  issued  and 
to  act  as  a  reminder  that  the  controller'!*  task  is  not  yet  complete;  the  whole  box  may  be  removed  oniy 
when  a  final  instruction  has  been  issued  to  the  pilot  to  return  to  normal  navigation. 

Very  many  additional  codings  are  possible.  To  ohoose  the  most  appropriate  one,  the  task  is  studied 
and  the  precise  information  co  be  conveyed  is  established.  In  moot  ciroumstanoeB,  a  conventional  ooding 
dimension  is  preferable  if  it  will  suffice,  but  oooaBionally  an  unusual  tui lor-mado  additional  ooding  may 
oenvey  the  required  information  in  the  moat  directly  meaningful  way,  with  a  visual  prominence  commensurate 
with  its  operational  significance . 

Absenoe  of  Information 

The  absenoe  of  information  oan  itself  be  a  form  of  coding.  If  all  is  well,  or  a  facility  is  not  in 
use,  thia  can  be  implied  by  showing  nothing.  As  a  prinoiple,  this  reduces  visual  clutter,  and  it  is 
corrmonplaoe  in  the  coding  of  control  labels  and  in  the  ooding  of  displays  which  show  serviceability 
states  for  maintenance  purposes.  However,  it  i3  better  to  show  important  operational  information  posi¬ 
tively:  this  not  only  indicates  its  presence  but  also  acts  as  a  reminder. 

Most  air  traffio  control  displays  need  to  oontain  so  much  essential  information,  to  be  coded  as 
oucoinotly  and  oompaotly  as  possible  in  order  to  minimise  clutter,  that  there  is  little  likelihood 
of  any  substantial  amounts  of  unnecessary  information  appearing  or,  them.  The  problem  is  rather  to  ensure 
that  all  essential  information  is  present  or  readily  available,  Corapaotness  of  ooding  is  therefore  a 
great  praotioal  advantage.  Also  it  is  prudent  to  oonsider  using  redmdant  rather  than  non~red undent  codes 
for  air  traffio  control  information  wherever  practicable.  It  may  be  impraoticrl  in  the  case  of  much 
alphanumeric  information,  but  redundant  codings  for  purposes  of  categorisation  are  often  feasible,  and 
whare  they  are  they  should  be  adopted. 
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8b  LEGIBILITY  AND  READABILITY 

In  common  parlance,  these  concepts  are  often  treated  as  interchangeable .  In  human  factors  terns 
they  are  not,  but  represent  separate  and  successive  phases.  Most  of  the  effort  devoted  to  the  coding 
of  information  on  air  traffic  control  displays  is  intended  to  achieve  legibility,  which  i3  a  pre¬ 
requisite  for  readability.  If  ohar-aoters  look  Bimilar  enough  to  be  confusablo  with  each  other,  this 
represents  inadequate  legibility.  The  means  for  enhancing  legibility  o.f  characters  depend  partly  on 
the  way  in  which  the  characters  are  generated,  but  they  normally  include: 

(1)  The  improvement  of  brightness  and  of  contrast  between  characters  and  their  background,  so  that 
ths  contrast  and  brightness  are  neither  too  low  nor  excessive. 

(2)  Adjustments  to  the  size  of  characters,  generally  but  not  necessarily  by  increasing  their  size: 
oharaoters  generated  by  dot  matrices  in  particular  am  not  necessarily  mado  more  legible  by 
making  them  bigger. 

(3)  The  optimisation  of  the  spacing  between  oharaoters  within  a  word,  between  words,  and  between 
rows  of  oharaoters. 

(4)  The  design  of  individual  characters  to  minimise  the  visual  similarities  between  them,  to 
omphasine  the  most  distinctive  features  of  each,  and  to  render  them  more  visually  harmonious 
as  a  set. 

(5)  The  prevention  of  conditions  known  to  degrade  legibility,  such  as  the  overlapping  of  oharaoters. 

In  tests  of  legibility  characters  are  viewed  and  reported,  often  under  conditions  in  which  they  are 
deliberately  degraded  by  reduced  contrast  or  restricted  viewing  times,  'l'ha  purpose  is  to  preuoribe 
conditions  under  whioh  errors  in  the  ilia  crimination  of  oharaoters  are  rooro  likely  to  occur  in  order  to 
gather  sufficient  data  to  oompare  alternative  oharacter  designs  in  terms  of  the  inoidenco  of  errors 
aaeooiated  with  them.  Errors  in  discrimination  or  identification  are  alec  categorised  by  character. 
Certain  oharaoters  are  more  likely  than  others  to  bo  confused  with  eaoh  other^25.  Particular  attention 
is  paid  to  the  specific  errors  predicted  as  most  probable  and  to  those  whioh  aotually  ocour  associated 
with  ouoh  oharactor  in  a  known  character  set.  With  alphanumeric  oharaoters,  containing  a  sot  of  26 
letters  and  10  numerals,  whether  an  "3"  is  oonfusable  visually  with  an  "8"  or  a  11 "j"  or  both  or  neither, 
or  with  another  oharaoter  altogether,  depends  on  specific  detai  ls  in  the  design  and  method  of  generation 
of  eaoh  oharaoter.  'Whioh  potential  confusions  are  operationally  significant  dopondc  on  details  of  ths 
tasks.  With  symbols,  the  extent  of  errors  arising  from  failures  in  legibility  doponds  more  on  the  choioo 
of  symbols ;  for  example,  a  square  and.  a  oirolo  may  be  highly  disoriminablo  as  symbols,  but  the  inclusion 
in  the  same  sot  of  symbols  of  a  visual!/  intermediate  symbol  ouoh  as  a  hexagon  or  an  octagon  may  not 
on!/  lead  to  poor  disoriminsbi  lity  of  the  additional  symbol  but  may  also  degrade  seriously  the  legibi¬ 
lity  of  the  square  and  the  circlo,  both  of  whioh  may  be  confused  with  the  hexagon  or  octagon  though  not 
with  eaoh  other. 

Methods  that  roly  on  degradation  of  the  viewing  conditions  for  aesonsing  legibility  nay  be  ergono¬ 
mically  defensible  but  logically  dubious.  If  the  darradod  viewing  conditions  will  not  arise  in  real 
life  in  air  traffio  control,  the  legibility  errors  whioh  occur  under  operational  conditions  may  not 
necessarily  be  those  found  under  the  more  artificial  cirauraatanoee  of  the  laboratory.  The  rationale 
therefore  has  to  bo  proved  before  findings  from  legibility  studios  in  simplified  laboratory  settings  can 
validly  be  applied  in  real  life.  Sufficient  is  now  known  about  legibility,  its  criteria,  methods  of 
measurement,  influences,  standards  and  findings,  for  the  legibility  of  any  given  oharacter  set,  and 
the  particular  sources  of  potential  decrements  within  it,  to  be  established  by  a  competent  human  faotors 
speoialiet  by  inspeotion  and  the  application  of  known  principles,  without  recourse  to  experimentation 
except  to  verify  the  correctness  of  the  conclusions  end  re co nrmo ndat ions  in  a  few  particular  metanoes. 
There  are  however,  certain  circumstances  where  thiB  does  not  hold  true  and  the  human  factors  specialist 
will  wish  to  oonduot  practical  evaluation  trials  to  measure  legibility:  these  ciroiunstanoes  occur  with 
novel  methods  of  character  generation  or  non-standard  environmental  vlowing  conditions.  In  relation  to 
legibility,  it  must  not  be  procumed  without  verification  that  findings  for  n on-luminous  displays  will 
apply  to  luminous  ones,  or  that  findings  about  one  type  of  luminous  display  such  os  onthode  ray  tubos, 
will  apply  to  others  such  as  plasma  panels.  Tile  legibility  requirements  of  osrtain  kinds  of  display, 
such  as  electro luminosoent  panels,  nay  bo  unique  to  that  display  type  so  that  BOparnte  studios  of 
legibility  must  be  conducted  using  them. 

Whereas  legibility  is  oonoemed  with  perception  and  is  measured  V  toots  of  detection,  discrimina¬ 
tion  or  identification,  readability  is  concerned  with  cogni  ive  aspects,  and  is  measured  by  tests  of 
cognitive  funotions  such  as  learning,  comprehension  and  memory.  Tho  subject-matter  for  laboratory 
studies  of  readability  is  usually  written  text  of  some  kind,  although  the  variables  within  it  are  often 
perceptual.  If  the  legibility  in  inadequate,  this  affects  readability,  and  in  nary  respects  there  is  no 
point  in  studying  readability  until  all  ths  material  proposed  for  use  in  a  readability  stuiy  ban  been 
shown  to  be  legible!  otherwise,  a  failure  in  comprehension,  attributable  to  inadequate  legibility,  may 
erroneously  be  asoribed  to  poor  readability  of  the  text. 

Beoause  roadability  is  assessed  in  terms  of  comprehension,  it  is  more  oommon  to  talk  about  tho 
readability  of  the  design  of  the  whole  text  or  oharacter  sot,  wheroas  legibility  can  and  does  vary  a  lot 
between  the  specific  oharaoters  within  a  oharacter  sot  and  legibility  is  often  discussed  in  terms  of 
individual  oharaoters  and  symbols.  Somotimea  the  pattern  of  eye  movements,  measured  by  an  eye  movement 
reoorder,  is  enlisted  as  an  indox  of  differences  in  readability,  and  similar  techniques,  applied 
slightly  differently,  can  be  U3ed  to  assess  legibility  also.  Although  different  text  designs  may  Impose 
deteotable  differences  in  patterns  of  eye  movements  while  they  are  being  read,  tide  may  in  turn  be  of 
little  practical  significance  if  the  differences  do  not  have  any  measurable  cognitive  correlates. 

Bocauoe  of  the  nature  of  air  traffio  control,  displays,  ao  distinct  from  instructions  and  job  aids 
in  the  form  of  hard  copy,  seldom  contain  any  substantial  quantities  of  text  intended  to  be  continuously 
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read,  and  therefore  most  of  the  standard  tests  of  readability  cannot  be  applied  directly  to  the  informa¬ 
tion  on  an  ■  traffic  control  display.  'The  main  ways  of  assessing-  the  readability  of  such  information 
include  i 

(1)  Measures  of  the  search  patterns  which  tho  information  imposes,  and  of  variables  in  it  assoc¬ 
iated  with  perceptual  differences  (legibility  also  affects  these  measures). 

(2)  Measures  of  task:  performance  with  particular  reference  to  the  information  which  must  have 
been  read  for  the  task  to  be  performed,  and  to  the  errors,  omissions  and  delays  which  occur. 

(3)  Measures  of  the  extent  of  understanding  and  comprehension  of  the  material  read,  related  to 
the  time  required  to  read  it,  or  measures  of  the  amount  read  and  understood  in  a  given  time. 

(4)  Measures  of  recollection  of  what  has  been  read,  related  where  relevant  to  the  time  spent  in, 
or  required  for.  the  reading. 

Comparative  measures  of  alternative  ways  of  presenting  the  same  information,  based  on  assess¬ 
ments  of  comprehension  and  time  required. 

(6)  Measures  of  specific  errors  and  delays,  to  try  to  trace  whether  their  origins  include 
inadequate  readability. 

(7)  Measures  of  texts  known  to  be  highly  readable  in  other  c  ioxts,  to  assess  their  adequacy  and 
readability  under  air  traffic  control  conditions* 

Because  the  controller  knows  a  great  deal  about  air  traffic  control  and  can  deduce  information  often 
without  reading  the  dismay  at  all,  there  can  be  a  problem,  in  assessing  readability,  of  disentangling  the 
presented  information  froru  other  information  already  known  •  the  controller  but  not  actually  read. 

Layouts,  formatting,  display  contents,  and  display  coding,  as  well  as  legibility,  are  among  the 
display  variables  which  can  affect  the  roadability  of  information  on  air  traffic  control  displays  sub¬ 
stantially*  Readability  studios  often  include  deliberate  specifiable  variations  in  these  dimensions, 
and  measures  of  their  cognitive  consequences.  In  the  case  of  legibility,  it  is  usually  possible  to 
determine  whan  an  approximate  optimum  has  been  achieved,  because  the  few  residual  errors  are  nearly 
random  and  could  not  be  substantially  reduced  by  a  few  specifiable  changes*  A  comparable  judgement, 
that  near  optimum  readability  has  been  aohieved,  nay  not  in  faot  be  possible;  all  that  can  be  said  is 
that  the  readability  attained  is  operationally  acceptable,  will  suffice  to  meet  the  air  traffic  cont rol¬ 
ler's  objectives,  and  does  not  3eom  to  be  improvable  by  any  specific  suggestions  that  can  be  made.  This 
does  not  imply  that  readability  could  not  be  further  improved,  but  that  it  is  not  possible  to  specify 
the  maximum  attainable  level  of  comprehension  of  the  material  or  the  fastest  rate  of  reading  while 
i-et'hning  full  comprehension.  Therefore  if  the  optimum  readability  has  been  attained,  it  cannot  be 
recognised;  if  further  improvements  could  be  attained,  they  might  not  be  recognised  either.  What  would 
constitute  perfect  performance  can  be  specified  for  legibility  but  not  for  readability. 

8f  RELATIVE  UKTWBEH  DISPLAYS 

Compared  with  the  basic  flight  instruments  in au  aircraft  cockpit,  tlu  displays  within  the  workspace 
of  an  air  traffic  controller  interact  less  closely  with  each  other,  but  nevertheless  they  are  not  wholly 
independent.  Different  air  traffic  control  displays  have  tended  to  evolve  separately,  in  accordance 
with  air  traffic  control  system  designs,  traffic  demands  and  techno logical  advances.  Primary  radar  dis¬ 
plays  have  given  way  to  secondary  radar,  on  wnich  additional  information,  mainly  alphanumeric  or 
symbolic,  has  in  its  turn  evolved.  Manually  written  l  light  strips  have  been  replaced  by  automatically 
printed  flight  strips,  and  latterly  b.y  electronically  generated  displays  of  tabular  information  corres¬ 
ponding  to  flight  strips.  Displays  of  various  kinds,  notably  those  which  double  as  input  devices 
oecause  they  are  in  some  way  touen  sensitive,  have  also  been  developed  independent ly .  Teonno logical 
changes,  <  •ujplcd  with  the  recasting  of  thv.  controller's  roles,  have  influenced  the  need  for  general  wall- 
mounted  ai.:.pi::Lvs  of  air  traffic  control  information,  and  led  to  changes  in  the  contents  of  such 
dispJ -ys,  .'rt®n  generated  according  to  novel  principles.  On  the  whole,  these  and  other  display  develop¬ 
ments  nave  •  ot  been  related  closely  to  each  other  from  their  incipient  beginnings,  but  the  task  of 
relating  a.id  ruccnc*  ling  them  has  been  left  lato,  on  the  assumptions  that  it  can  be  done  end  that  major 
modificatit.ru  'o  the  displays  themselves  would  not  be  a  precondition  of  successful  reconciliation.  In 
some  contexts,  none  of  these  technological  changes  has  been  made,  and  the  equipment  for  air  traffic 
control  is  sti ’  L  primitive. 

iwo  separate  as pec'  •  of  the  relationship  between  displays  deserve  consideration:  firstly,  their 
M  r.Uoning  within  the  workspace;  secondly,  the  user's  integration  of  their  o'  lyed  contents. 

Some  problems  in  the  relatin  chips  of  the  displays  within  the  workspace  originate  if  such  factors 
are  not  sonyi dared  detai  l  from  the  outset  but  are  settled  when  decisions  about  display  size,  user's 
functions,  and  the  approximate  display  content  have  already  been  reached.  The  problem  of  trying  to 
,  <  ic  to--»  many  jplays  into  a  workspace  whs  .  r  it  is  to  meet  the  normal  j  aquirements  imposed  by  reach 
diHtancoo  and  viewing  distances  is  too  sma  *soommodatv>  them  all,  cannot  arise  in  the  form  which  it 

usual?./  takes  in  air  traffic  control  unless  robleir.  of  display  positioning  and  the  relations  between 

displays  is  treated  as  secondary.,  The  decision  on  the  size  of  a  radar  display,  for  example,  can,  and 
must,  have  a  major  influence  on  where  other  displays  can  be  put,  on  what  their  viewing  angles  will  be, 
on  whether  th*y  can  be  alongside  or  abo'-o  each  other,  and  on  how  high  up  they  may  need  to  be  placed  ic 
the  console,  regardless  of  what  theii  gentents  are.  /»  different  order  of  priorities,  assigning  greater 
importance  to  the  relationships  between  displays,  would  result  often  in  a  workspace  that  looked  very 
■*fercnt.  Thin  is  not  to  cry  that  greeter  importance  uuuuld  be  asei/oird  to  display  relationships  - 
inaeed,  on  the  whole,  it  probe  b should  not.  The  intention  in  rather  to  p^int  out  that  because  of 
arious  decisions  taken  about  individual  d:«  plays,  and  because  oi  the  cerei  r>  ‘  en  t  tendency  to  try  somehow 
•'  lit  into  the  limited  workspace  all  the  displays  decided  individually  to  be  necessary,  there  is  often 
e ry  little  flexibility  remaining  wit}  in  which  to  optimise  display  relationships.  The  implications  for 
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all  displays  -therefore  need  to  be  spelled  out  more  clearly  at  the  time  when  decisions  about  oaoh  one  aro 
taken. 

Problems  about  the  relationships  between  displays  in  tortrs  of  the  integration  of  their  contents  a  re 
partly  determined  by  where  they  are  in  the  workspace  ao  wall  as  ty  what  they  contain*  Tha  positioning 
of  displays  should  influence  their  contents.  Che  obvious  example  is  that  displays  above  eye  level 
should  not  incluie  any  information  that  must  bo  consulted  frequently.  Collectively,  the  displays  must 
contain  all  tne  information  nacessaiy  for  tasks.  Tho  controller  has  to  obtain  all  the  information  he 
needs  in  the  moot  efficient  way  from  the  various  displays.  Presuming  that  information  categories  have 
been  allocated  to  various  displays  sensibly  in  relation  to  the  technical  limitations  and  purposes  of 
each,  and  that  within  each  display  the  format,  coding  and  design  of  the  information  content  have  been 
devised  competently*  the  main  aim  is  to  make  the  information  on  different  displays  as  compatible  as 
possible  so  that  it  can  be  collated  quickly  and  efficiently  with  a  minimun  of  fuss,  confusion  or  error. 
This  means  that: 

(1)  Different  displays  should  wherever  possible  incorporate  the  same  principles  of  layout;  if 
diffei-ent  principles  are  followed  they  must  be  related  in  ways  that  are  self-evident. 

(2)  An  information  coding  used  to  denote  a  spooific  information  category-  on  one  display  should  be 
used  to  make  the  same  distinctions  on  all  other  displays,  and  never  for  anything  also. 

(3)  The  visual  appearance  of  relat'd  information  should  reflect  tho  closeness  of  the  relationship 
by  the  degree  of  its  visual  similarity  * 

(4)  Information  of  great  importance  on  one  display  should  be  portrayed  to  denote  this  and  equiva¬ 
lent  information  on  other  displays  should  be  portrayed  in  the  same  way,  or  at  least  in  an 
associated  coding  which  saves  search  time  and  is  reserved  for  equivalent  urgency.  For  example, 
the  information  roquired  to  solve  an  urgent  problem  might  be  flashed  at  the  same  rate  on  all 
displays.  If  information  which  iB  urgent  is  coded  on  some  displays  in  a  distinctive  colour, 

a  similar  colour  should  bo  chosen  for  related  information  on  other  displays  with  a  colour 
capability,  and  on  monochromo  displays  there  should  be  some  moans  of  drawing  attention  to 
related  information  of  equivalent  importance,  a  means  which  is  reserved  for  the  same  uses  as 
that  of  the  particular  colour  on  the  displays  with  colour  capability,  and  is  not  also  used 
for  othor  functions  uirelated  to  those  coded  in  colour  elsewhere*  There  should  not,  in  other 
wordB,  bo  different  confounding^  of  codings  on  different  displays.  If  there  is,  errors  are 
almost  inevitable  because  the  meaning  then  depends  on  the  display  on  whioh  the  information 
happens  to  appear. 

(5)  Wherever  possible,  conventions  should  not  clash.  This  can  be  difficult  to  achieve  in  air 

traffic  control  where  information  on  a  radar  display  is  in  plan  view  and  information  related 
to  the  same  aircraft  on  a  tabular  information  display,  or  as  a  sot  of  labels  on  a  data  input 
display,  may  be  net  out  according  to  a  different  principle.  There  is  no  ideal  simple  way  to 
resolve  this  difficulty.  Any  solution  must  lead  to  oer'.ain  anomalies.  Of  overriding 
importance  is  that  there  must  be  some  principle  whioh  tne  controller  knows  of,  understands 
and  can  uae,  to  relate  the  information  on  one  display  to  that  on  every  other  display  without 
fruit leos  searching.  The  leaot  flexible  display  ie  the  radar.  Therefore  the  simplest 
solutions  may  tend  to  follow  the  principles  which  it  embodies.  Fvsn  if  its  principles  cannot 
always  be  followed  (and  for  some  purposes  suoh  as  listing  aircraft  in  height  order  or  accord¬ 
ing  to  destination  they  may  bo  wholly  or  partly  inappropriate),  the  data  on  another  display 
must  never  be  laid  out  in  an  apparently  random  fashion  in  relation  to  the  data  on  the  radar 
display.  '  !  must  be  some  guiding  principle  so  that  tho  controller  knows  where  to  bogin 

looking  on  >ther  display  for  the  data  which  he  needs,  with  a  good  prospeot  of  quick 
success* 

8g  THE  QUALITY  OF  DISPLAYED  INFORMATION 

In  .air  traffic  control,  as  in  many  other  contexts,  there  lias  been  a  progressive  change  from  or.1  ,gue 
to  digital  information.  This,  coupled  with  improved  display  technology,  hae  had  two  main  human  faotoxs 
implications  regarding  the  quality  of  the  information  displayed.  Che  is  that  displays  often  contain 
far  less  qualitative  information  than  they  once  did,  although  t.he  consequences  of  this  change  may  bo 
difficult  to  determine.  The  other  is  that  the  uaor  tends  to  asonbe  high  quality  and  reliability  to 
clearly  portrayed  and  aesthetically  pleasing  displayed  information,  yet  there  need  be  no  close  relation¬ 
ship  between  information  quality  and  the  way  in  which  it  is  portrayed. 

The  reduoed  role  of  qualitative  information  on  air  traff'  oontrol  displays  has  occurred  partly 
because  no  standardised  coding  conventions  have  been  evolved  for  uae  to  denote  the  quality,  reliability, 
validity,  accuracy  or  similar  attributes  of  displayed  data.  Radar  displays  perhaps  exomplify  best  the 
reduction  in  qualitative  information.  The  primary  radar  displays  of  the  past,  more  familiar  in  air 
defence  han  in  air  traffic  oontrol  contexts,  were  subjeot  to  olutter,  perjiianent  echoes,  fading,  and 
poor  sigruil-to-noise  ratios.  Individual  blipB,  and  the  tracks  which  they  formed,  differed  great ly  in 
the  ease  with  whioh  they  could  be  discriminated.  Tho  operator  could  glean  from  the  primary  radar  display 
a  grec  deal  of  qualitative  information  about  whether  a  track  seemed  likely  to  disappear;  or  had  a  pro¬ 
pensity  to  fade,  or  was  heading  for  clutter,  or  had  a  poor  signal-to -noise  ratio,  or  Beemed  near  the 
limit  of  the  range  of  the  radar  under  the  prevai  ling  conditions,  and,  for  thoao  or  other  reasons, 
depended  on  data  of  poor  quality  or  uncertain  Drovenance.  Knowing  the  quality  of  tho  data,  with 
associated  evidence  on  its  propensity  to  vanish,  become  uncertain  or  become  misleading,  the  controller 
could  allow  for  this  in  hie  division  of  attention,  hio  allocation  of  resources  and  his  decision 
making. 

It  is  impossible  to  tell,  from  looking  at  a  modem  radar  display,  anything  about  the  quality  cf  the 
data  from  which  it  hats  beon  derived.  A  symbol  nwy  denote  the  position  of  an  aircraft  which  represents 
tho  carefully  weighted  average  of  positions  sensed  from  several  radar  heads,  eaoh  giving  highly  reliable 
information;  or  it  may  denoto  tho  position  Bensod  by  a  Dingle  radar  head  in  a  dubious  state  of 
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aervicesLi  lity :  in  both  cases  tha  radar  display  would  look  the  same.  The  control Is r  may  not  avan  know 
which  radar  haad,  with  its  particular  idiosynoraaias  of  coverage,  is  in.  fact  in  use  to  provide  the  dis¬ 
play.  In  the  absence  of  such  qualitative  information,  the  controller  cannot  in  any  way  respond 
selectively  to  take  account  of  differences  of  vhioh  he  has  no  knowledge.  T'lis  may  not  nucesoarily  be 
important,  provided  that  the  system  design  and  its  procedures  have  compensated  for  the  controller's 
recognised  loss  of  qualitative  data:  however,  it  can  beoome  highly  important  if  the  absonce  of  qualita¬ 
tive  data  has  not  been  fully  appreciated,  and  failuren  can  be  sudden,  mystifying  and  hazardous,  rather 
than  predictable,  of  known  aetiology,  and  largely  circumvented.  The  practical  options  are  therefore  to 
plan  tasks  so  that  qualitative  information  is  not  needed,  or  to  put  qualitative  information  back  onto 
displays. 

Perhaps  more  insidious  as  a  problem  is  the  ascription  of  quality  to  clarity.  A  radar  diBplay  on 
whioh  the  position  of  eaoh  aircraft  is  shown  precisely  and  orisply,  using  points,  lines,  symbols  and 
alphanumex'ios  with  good  contrast  ratios  and  sharp  contrast  gradients  bc  that  the  light  from  luminous 
characters  doeo  not  seem  to  epill  over  or  blur,  is  perceived  a3  containing  information  tha  location  and 
description  of  whioh  must  be  known  precisely  because  they  are  depioted  precisely  on  the  display.  The  faot 
remains  that  the  radar  must  show  the  position  of  the  airoraft  somewhere.  There  may  be  no  means  for 
denoting  in  visual  terms  that  the  data  shown  so  surely  on  the  display  are  in  reality  not  trustworthy.  For 
some  purposes  this  may  not  matter;  in  others  it  may  be  vital.  The  height  information  about  oaoh  aircraft 
on  the  radar  display  may  be  presented  in  exactly  the  same  way,  aa  three  digits  within  the  label  of  the 
airoraft,  although  the  quality  of  the  height  information  may  vary  substantially  from  one  airoraft  to 
another,  to  the  point  where  a  defect  is  suspected.  If  the  portrayal  of  the  data  remains  impoocable,  it 
is  all  too  easy  to  presume  that  its  quality  is  of  a  high  order,  and  that  all  is  wall. 

In  a  orule  form,  the  units  in  whioh  information  is  expressed  convey  something  of  its  quality. 
Separations  whioh  oite  data  to  tha  nearest  10  miles  obviously  are  based  on  much  poorer  data  that  those 
expressed  to  the  noarest  0.1  of  a  ndle.  The  air  traffio  control  practices  and  procedures  whioh  are 
followed  depend  so  much  on  the  quality  of  the  information  available  that  some  notion  of  it  can  be  deduced 
from  examining  them.  But  positive  indications  of  quality,  and  especially  of  lack  of  quality,  rather  than 
deductions  about  it  should  be  taken  more  seriously  on  modern  air  traffio  control  information  displays. 

Qn  new  xasrLAY  technology 

The  purpose  of  thiB  oeotion  is  not  to  give  a  detailed  description  of  the  current .  still  rapidly 
developing  state  of  modern  display  toohno logy ‘2§f  nut  to  note  Borne  human  factorB  implications  whioh 
can  arise  when  thase  techno  logical  developments  are  introduced  into  air  traffio  control.  Cathode  ray 
tubes  have  themselves  evolved  greatly,  and  some  of  the  commonest  human  factors  consequences,  such  as 
excessive  contrast,  textureleaa  backgrounds,  limited  choice  of  colours  and  over-saturation  of  those 
offered,  have  already  been  mentioned.  Plasma  displays,  light  emitting  diodes,  and.  electroluminescent 
panels  are  examples  of  display  types  whioh  have  been  used  in,  or  evaluated  for,  air  traffio  control. 
Various  forms  of  television  display  are  under  active  oonaideration  or  in  uoo.  Displays  whioh  also  func- 
ti  -  .  os  input  devices  form  a  further  category. 

The  human  factors  issues  which  those  and  other  developments  raise  can  bo  subsumed  under  the  follow¬ 
ing  headings: 

(1)  How  far  do  the  recommendations  given  in  human  factors  handbooks  and  in  related  literature  for 
tho  ooding  and  presentation  of  displayed  information  apply  to  the  new  teohnology? 

(2)  What  coding  dimensions  can  be  varied  and  controlled,  and  what  range  of  options  is  therefore 
possible  in  the  content  and  portrayal  of  displayed  information? 

(3)  What  are  the  limitations  of  eaoh  now  display  principle,  with  particular  reference  to  any  whioh 
do  not  apply  to  other  forms  of  display  generation? 

(4)  What  car.  go  wrong  with  tha  display,  and  what  would  the  display  look  like  to  the  user  if  it 
became  faulty? 

(5)  What  advantages  are  olaimed  to  justify  the  inti-oduotion  of  the  new  display  technology  into  air 
traffio  control,  and  what  is  the  substance  of  these  clsimo  in  terms  of  the  nature  and  strength 
of  the  evidenoe  purporting  to  support  them? 

(6)  What  sources  of  human  error  or  confusion  will  the  new  technology  bring  or  reintroduce;  what  is 
their  operational  significance,  and  how  can  their  effects  be  minimised? 

(7)  What  form  of  evaluation  of  the  new  display  prinoiple  is  required  to  strike  a  fair  balance  in 
appraising  it,  so  that  its  advantages  can  be  confirmed  and  quantified,  and  also  any  disadvan¬ 
tages  can  be  identified  end  assessed? 

Any  innovation  in  display  teohnology  usually  has  committed  advocates  who  believe  that  it  brings 
major  benefits  and  are  keen  to  see  those  benefits  realised  wherever  possible.  Air  traffio  control  is 
often  considered  as  one  of  many  possible  areas  of  application.  Tha  human  factors  approach  to  such 
innovations  is  often  perforoe  critical,  not  because  Inman  factors  is  in  principle  antagonistic  to  teoh- 
nioal  innovation  (suoh  an  attitude  would  be  foolish)  but  because  far  more  thought  has  usually  been  given 
io  its  benefits  than  to  its  possible  disadvantages,  so  that  to  obtain  a  fair  judgement  it  is  necessaiy 
to  redress  the  balance  somewhat,  particularly  since  any  unforeseen  disadvantages  may  prove  very  diffioult 
to  oirouravent  once  the  innovative  display  becomes  an  integral  part  of  an  operating  air  traffio  control 
system.  Human  factors  must  also  weigh  an  innovative  display  against  the  human  factors  benefits  and  dis¬ 
advantages  of  the  alternatives  to  it.  As  a  result,  the  human  factors  specialist  sometimes  seems 
particularly  keen  on  ooQparative  evaluations  so  that  alternative  displays  can  be  thoroughly  examined  in 
terras  of  safety,  effioipnrv  and  the  errors  they  may  engender. 
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A  teohnolo.rioal  advance  does  not  necessarily  convey  human  factors  benefits,  in  displays  cr  elsewhere 
If  it  leads  to  particular  human  factors  difficulties,  these  may  prove  insuperable.  It  is  unlikely  that 
the  full  human  faotoro  benefits  of  in  advance  in  technology  will  be  realised  immediately  in  the  foim 
which  the  innovation  first  takas  as  it  is  being  developed.  Therefore  it  is  normal  for  some  improvements 
to  be  effeoted  by  the  application  of  human  factors  principles  to  technological  innovations. 


CHAPTER  9 
CONTROLS 

9a  LOCATION  OF  CCNTROL3 

Controls  are  the  main  means  for  the  man  to  convey  information  to  the  system  or  the  machine.  The 
controls  that  are  provided  largely  determine  the  responses  which  the  man  can  males  to  system  states  or 
maohine  events,  the  actions  he  can  initiate,  and  the  choices  available  to  him.  Task  designs,  and  the 
functions  envisaged  for  the  man,  set  the  control  facilities  to  be  provided.  Their  location,  type, 
sensitivity,  and  interactions  with  other  controls  and  displays  determine  the  efficiency  with  whioh  the 
tasks  can  be  performed,  and  many  of  the  errors  that  can  and  will  be  made. 

The  broad  principles  for  the  looation  of  controls  are  derived  from  task  requirements  and  from 
relevant  human  capabilities  and  limitations,  couple  -ith  a  knowledge  of  the  control  options  technically 
available  and  the  oharaoteri sti os  of  eaoh.  These  principles  are  applied  during  the  design  of  the  system 
and  the  workspace,  the  allocation  of  funotions  and  the  development  of  the  console  profile,  using 
appropriate  anthropometric  data.  Those  combined  factors  then  set  the  limits  within  which  any  residual 
problems  in  the  location  of  controls  must  be  resolved.  Sometimes  further  constraints  are  imposed,  such 
as  the  specification  of  all  control  panels  in  standard  dimensions  so  that  they  are  interchangeable. 

Before  the  liraivc,  imposed  by  ths  workspace  design,  reach  distances,  and  the  need  for  certain  con¬ 
trols  to  be  shared,  have  been  fixed,  it  is  essential  to  establish  that  there  will  be  room  within  the 
workspace  for  all  the  controls  whioh  must  bo  accommodated  to  enable  the  tasks  to  be  done.  If  the 
available  space  is  insufficient  for  all  of  them,  fundamental  revisions  may  be  needed.  Ths  following 
options  may  be  entertained: 

(1)  Re-examination  of  the  preferred  control  types  to  see  if  they  oould  be  replaced  by  more  eompaot 
controls  for  whioh  there  would  be  sufficient  room. 

(2)  Combination,  amalgamation  or  removal  of  certain  control  functions,  again  to  reduue  the  spice 
that  the  controls  oooupy. 

(3)  Reallocation  of  funotions  so  that  some,  with  thoir  associated  controls,  are  removed  from  the 
overorowded  workspace, 

(4)  Re-deaign  of  the  workspace  or  the  consoles  to  provide  more  surfaces  to  house  oontrols  within 
reaoh. 

(5)  Re-location  of  controls  to  extend  the  usable  workspace,  by  employing  oontrols  whioh  can  be  used 
at  greater  reach  distances,  on  different  surfaces,  or  with  the  non-preforred  hand. 

Until  it  has  been  established  that  all  the  controls  can  be  fitted  into  the  space  available,  and  until  the 
amount  of  unused  or  unallocated  space  has  been  gauged  approximately  so  -that  the  degree  of  flexibility  in 
the  location  of  oontrols  can  be  estimated,  it  remains  premature  to  taukle  ths  human  factors  problems  of 
the  optimum  location  for  eaoh  control  with  respeot  to  ths  relative  importance  of  its  funotions. 

Givn  that  the  controls  can  all  be  housed,  each  can  bo  allocated  a  provisional  location.  This  is  an 
interactive  process,  with  trade-offs  of  benefits  and  disadvantages.  The  fundamental  principles  are  that 
the  proposed  looation  for  eaoh  control  must  take  account  of  the  proposed  locations  for  all  others, 
particularly  those  with  which  it  is  fuuotionally  associated,  and  that  each  control  must  be  positioned 
appropriately  in  relation  to  the  display  or  displays  to  whioh  it  refers.  Within  the  limits  imposed  by 
these  prinoiples,  the  basic  allocation  of  oontrols,  or  groups  of  controls  such  as  panels,  to  surfaoes  is 
relatively  straightforward. 

The  moot  important  controls  should  all  be  located  on  the  main  console  shelf,  pi  sitioned  so  that 
there  is  room  for  appropriate  support  for  the  elbow,  wrist  or  hand  wherever  the  task  or  the  typo  of  con¬ 
trol  requires  this.  Controls  whioh  are  specific  to  a  particular  display  and  not  in  ccmmon  use  should  be 
positioned  near  the  display.  Controls,  s-ioh  as  light  pons,  which  have  to  be  pioked  up,  held  and  put 
down  and  have  special  requirements  to  avoid  operator  fatigue  if  they  are  in  frequent  us:,  should  not  bo 
adopted  if  alternatives  without  these  support  problems  will  suffice;  if  they  are  used,  there  must  be  room 
for  appropriate  elbow  or  other  support,  and  somewhere  convenient  to  put  the  light  pen  when  it  is  not  in 
use.  Controls  whioh  are  combined  with  display  surfaces  ore  the  most  difficult  to  locate  satisfactorily: 
generally  the  best  position  for  them  is  towurde  the  rear  of  a  sloping  Bhelf,  but  sometimes  they  must  be 
treated  prir airily  as  displays  and  positioned  accordingly  if  the  controls  are  not  used  frequently  or  if 
the  coctrri  functions  change  so  much  t'uat  they  cannot  be  remembered  and  therefore  the  operator  generally 
has  to  -.oik  at  them  whenever  he  uses  them.  This  solution  is  never  ideal  in  human  factors  terms; 
frequent  of  such  a  device  can  lead  to  insuperable  problems  of  wrist  and  arm  support. 

The  broad  allocation  of  controls  to  surfaces  having  been  completed,  work  to  determine  the  preoiso 
optimum  location  of  eaoh  control  or  panel  within  the  surfaoe  can  then  proceed.  The  design  of  the 
workspace,  console  and  surfaoes  should  ensure  that  the  oontrols  are  all  comfortably  within  the  recom¬ 
mended  reach  distances  for  ths  smallest  operator.  The  preoise  looation  of  eaoh  oontrol  takes  account  of 
various  further  faotors,  including  actuation  foroes,  the  direction  of  movement  of  the  control,  the 
control  depth  in  relation  to  shelf  thickness,  the  use  of  the  control  by  the  preferred  (right)  or  non- 
preferred  hand,  and  its  intended  use  by  one  controller  only  or  by  more  than  one.  Tasks  are  examined  not 
only  became  they  determine  the  relative  amount  of  use  of  eaoh  control,  but  also  because  they  indicate 
the  n»st  probable  sequences  in  which  different  controls  will  be  used.  These  sequences  and  frequency  of 
usage  should  if  possible  influence  the  looation  of  oontrols  in  relation  to  eaoh  other.  Thin  is 
perhaps  most  obviously  Important  for  specific  associated  controls  within  a  sixgle  control  panel,  but  it 
is  also  important  when  oontrols  in  different  panels  often  have  to  be  used  in  a  regular  sequence  and  it 
may  be  particularly  important  for  controls  intended  tc  be  teed  together  or  in  conjunction  employing  both 
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bands.  Such  controls  need  to  be  located  in  positions  on  the  shelf  which  facilitate  two-handed  operation. 

For  all  but  the  simplest  tasks,  the  location  of  controls  is  always  a  matter  of  compromise.  Even 
with  simple  tasks,  such  as  those  employing  a  single  keyboard,  an  optimum  layout  for  each  key  in 
relation  to  the  others  ic  seldom  achievable,  since  the  optimum  varies  with  task  details.  In  air  traffic 
control,  the  tasks  are  complex.  Controls  located  in  the  optimum  positions  for  any  single  task  are  un¬ 
likely  to  remain  optimum  for  any  other  tasks.  This  is  not  as  important  operationally  as  it  may  seem: 
the  practical  implications  are  that  efficient  task  performance  relies  considerably  on  the  man's 
adaptability,  and  that  training  to  attain  full  proficiency  in  all  tasks  may  be  somewhat  prolonged.  Of 
greater  practical  importance  than  the  fruitless  quest  for  the  optimum  location  for  every  control  may  be 
the  avoidance  of  a  seriously  inappropriate  location  for  any  one  of  them,  "intro Is  whioh  require 
excessive  reaohing,  uncomfortable  postures,  operation  with  Inadequate  support,  excesaive  foroo,  or  un¬ 
usual  sustained  effort  are  generally  in  the  wrong  place,  and  should  be  located  elsewhere. 

9b  CONTROL  TYPES 

The  range  of  controls  used  for  air  traffic  control  tasks  and  therefore  found  in  air  traffic  control 
workspaces  ie  very  limited.  Controls  whioh  require  major  effort  to  operate  or  whioh  are  bulky  are 
intrinsically  rnsui table.  Controls  near  the  front  of  the  shelf  must  be  of  limited  depth  bo  that  they  do 
not  restrict  thigh  clearance  but  oan  be  housed  entirely  within  the  thiokneae  of  the  shelf;  otherwise 
they  must  be  at  the  side  of  the  shelf.  For  most  jobs  in  air  traffic  control,  numerous  oontrols  are 
necessary.  Since  tho  workepaoe  is  limited,  compact  controls  have  to  be  chosen  and  placed  as  closely 
together  as  is  permissible  without  impairing  performance  or  generating  errors. 

The  control  typoe  in  air  traffio  control  are  generally  restricted  to  the  following,  whioh  are  con¬ 
sidered  in  turn: 

Push  buttons;  especially  in  multiple  use  in  the  form  of  keyboards  and  panels  of  keys. 

Touoh  sensitive  display  panels,  combining  display  and  keyboard  functions. 

Switches  and  knobs,  especially  for  occasional  uses. 

Continuous  oontrols,  such  as  joystick,  rolling  ball  or  cursors,  for  funotions  such  aa  position 
marking  on  displays. 

Plugs,  sockets  and  other  controls  mainly  for  communications. 

Foot  switches. 

Push  Buttons 

Push  bufctono  or  keys  are  the  commonest  control  in  air  traffic  control  now  and  they  will  become  even 
more  prevalent  in  future.  In  principle,  a  button  or  key  should  have  two  Bettings,  on  and  off.  It  is 
used  to  enter  a  single  designated  unit  of  information,  a  description  of  which  is  associated  with  oach 
push  button,  in  the  form  of  a  label  within  it  illuminated  when  the  push  button  is  aotivated  or  a  label 
scribed  or  ongravod  beside  it.  If  the  label  can  bo  changed,  electronically  for  examplo  in  accordance 
with  its  position  in  on  input  sequonoe  or  depending  on  tho  task  being  performed,  then  in  practice  a 
single  push  button  can  be  used  to  enter  a  variety  of  units  of  information  but  each  of  these  units  is 
normally  predetermined  by  sequence  and  order  rather  than  at  the  discretion  of  tho  operator,  and  the  push 
button  still  funotions  au  a  control  with  two  settings  only,  one  of  which  is  variable.  Push  buttons  arc 
an  efficient  way  to  enter  data  which  are  digital  ai.j  pre-oot. 

It  is  essential  to  indicate  whether  a  button  or  key  is  in  operation  or  not.  If  its  function  is  a 
change  of  state  (e.g.  equipment  switched  on;  range  rings  shown;  larger  size  radar  display  label  selected; 
etc)  then  it  should  be  possible  to  tell  the  state  selected  by  looking  at  the  push  button  or  key:  it 
should  not  look  the  same  in  both  its  possible  states.  It  may  remain  depressed,  or  be  internally  lit,  or 
acquire  a  different  label,  but  it  must  look  different,  so  that  it  :b  immediately  obvious  to  tho  user  what 
state  it  is  in.  If  4 cs  function  is  to  enter  an  item  of  data,  it  w- ’1  generally  be  one  button  or  key  in  a 
row  or  column  of  kayo  or  in  a  keyboard,  and  it  may  be  aotivated  more  than  once  in  rapid  succession.  Hore 
tha  essential  information  that  the  key  has  been  successfully  aotivated  mu3t  be  given  immediately  whenever 
it  is  operated,  by  some  discernible  event  on  n  display  and  also  by  the  feel  of  movement  of  the  key  against 
a  firm  stop. 

The  operator  Bhould  be  able  to  feel  the  tuovoraent  of  tho  key  whosever  he  operates  it,  so  that  he  does 
not  have  to  look  at  it  to  tell  whether  he  has  operated  it  or  not.  Typically  a  fo.roe  of  some  300  grams 
should  be  required  to  operate  it,  and  its  travel  discernible,  at  least  3  ram.,  with  a  Bidden  obvious 
resistance  at  the  end  of  travel  and  no  suggestion  of  sponginess.  A  just  audible  click,  to  denote  oontact, 
can  be  helpful,  eBpooially  during  learning,  and  even  when  fully  profioient.  An  operator  using  a  keyboard 
with  whioh  he  is  very  familiar  does  not  normally  look  at  it  much,  and  the  absence  of  a  click,  when  it 
fails  to  operate  may  be  by  far  the  most  effeotive  way  to  let  him  know  when  something  is  amiss. 

Tho  optimum  spacing  between  keys  within  a  keyboard  depends  on  functions .  For  or.  alphanumeric  key¬ 
board,  used  to  enter  substantial  amounts  of  data,  the  aim  is  to  make  tho  keyboard  an  a  whole  ae  compaot 
aa  possible  to  minimise  time-consuming  finger,  hand,  and  arm  movements  while  operating  it:  this  implies 
that  the  keys  should  be  close  together.  However,  if  the  keys  are  too  close,  tho  probability  of  activating 
the  w  .xing  one  or  of  striking-  more  than  one  at  once  is  increased:  thin  implies  that  keys  should  be  kept 
apart.  The  optimum  compromise  for  keys  in  a  row  is  to  have  a  centre  to  centre  distance  of  some  18  run. 
between  adjacent  ,eys  in  the  same  row,  whioh  includes  a  space  of  about  5  mm.  between  the  odjaoent  keys 
themselves.  These  figures  arc  approximate.  Tho  go  11  between  keys  in  a  column,  or  between  adjacent  rows 
of  key",  can  be,  slightly  greater,  particularly  if  the  rows  are  stopped  and  lie  on  a  tilted  rather  than  a 
horizontal  surface.  For  f iaio+  ional  keys,  essentially  used  one  at  a  time  and  relatively  infrequently, 
their  size  and  the  spacing  between  them  may  be  increased,  these  increased  dimensions  being  helpful  some¬ 
times  to  group  and  code  the  fractions.  In  particular,  a  larger  or  more  separated  key  way  denotod  a 
function  of  particular  significance,  or  ono  whioh  initiates  or  terminates  a  sequence  of  keyed  funotions. 


The  tops  of  lcays  should  not  be  so  shiny  that  the  finger  oan  slip  over  them  or  that  they  reflect 
.blent  11 -ht .  »k*  should  be  elisrhtlv  concave .  but  preferably  not  embossed,  except  aa  a  ooding  to 


make  certain  rarely-used  but  vital  key  functions  discriminable  by  touch,  not  from  each  other  hut  from 
Btandard  unerabossed  keys,  A  key  should  not  have  any  sharp  corners  or  edges.  Elaborate  codings  are  not 
suitable  for  keyboards:  they  take  much  longer  to  learn  and  do  not  nocessarily  lead  to  greater  speed  of 
input.  Chord  keyboards,  whereby  a  funotion  is  designated  by  the  activation  of  two  or  more  keys  concur¬ 
rently,  oar.  be  effective  in  air  traffic  control  if  used  sparingly  but  they  are  more  di Ifioult  to  learn, 
they  introduce  thoir  own  crop  of  errors,  they  require  a  great  deal  of  very  careful  pre-planning,  and  they 
do  not  necessarily  repay  in  terms  of  increased  speed  and  efficiency  of  input.  Being  more  compact  in 
principle,  they  offor  an  option  which  may  have  to  be  considered  in  air  traffic  control  if  there  is  no 
other  way  to  accommodate  all  the  necessary  functions  within  the  shelf  apace.  They  can  be  highly  effi¬ 
cient,  but  at  considerable  cost  in  design,  software  and  training. 

The  standard  (QWERTY)  keyboard  has  gradually  come  into  favour  as  the  preferred  layout  for  an 
alphanumeric  keyboard  in  air  traffic  control,  and  it  seema  likely  to  become  more  firmly  established. 
Although  it  is  far  from  ideal  in  ergonomic  terms,  the  extra  time  required  to  become  proficient  at  it, 
compared  for  example  with  a  keyboard  in  alphabetical  order,  is  not  large,  and  the  learning  transfers  to 
other  standard  keyboards  in  widespread  use,  suoh  as  teletypes  and  keyboards  for  word  processore, 
provided  there  is  no  gross  disparity  in  the  separations  between  keys. 

A  trite  but  important  aspect  of  keyboards  is  that  if  controllers  are  allowed  to  smoke  or  take  drinks 
to  their  workspace,  sooner  or  later  tobacco  ash  will  fall  on  the  keys  and  drink  will  be  spilled  on  them: 
they  should  therefore  be  designed  to  withstand  suoh  predictable  hazards. 

Touch  Sensitive  Display  Panels 

'Touch  sensitive  surfaces  take  various  forms.  Some,  Buch  as  touohwires’'29  have  been  used  in  air 
traffio  control  for  some  years;  others  are  in  the  development  Btage.  For  most  of  them,  air  traffio  con¬ 
trol  represents  one  of  many  potential  applications  of  the  technology. 

Touch  sensitive  surfaces  generally  funotion  as  both  displays  and  controls.  Hither  thoy  are  on  the 
shelf  and  can  be  operated  by  touch  alone  in  some  circumstances,  or  they  are  intended  to  be  viewed  while 
being  operated  and  may  be  positioned  either  as  a  normal  display  or  on  the  shelf.  Various  kinds  of  touch 
sensitive  surface  bring  their  own  partioular  human  factors  problems,  the  solutions  to  which  do  not 
generalise,  but  the  human  factors  problems  which  they  have  in  common,  in  addition  to  those  concerned  with 
workspace,  can  be  expressed  in  general  terms. 

(1)  By  touch  alone,  it  is  not  possible  for  the  operator  to  tell  what  is  being  entered.  Therefore 
it  ia  necessary  to  indicate  this  clearly  to  him  either  by  electronically  generated  labels  at 
the  appropriate  positions  within  the  touoh  sensitive  ourface  itself,  or  by  similar  labels  on 
another  display  with  whioh  the  touoh  sensitive  surface  has  an  obvious  one-to-one  relationship, 

(2)  There  is  no  equivalent  of  a  key  to  feel.  Therefore  if  it  is  important  that  the  operator 
touches  the  surface  in  the  correct  place,  something  must  be  introduced  to  give  him  feedback  that 
he  lias  done  so.  This  may  be  a  wire  as  in  touohwires,  a  protuberance  or  surface  bulge,  a  aeries 
of  engraved  lines,  a  marker  on  the  touch  sensitive  surface  or  on  anothor  display,  or  a  label  on 
the  touch  sensitive  surfaoo  if  it  is  intended  to  be  viewed  while  being  operated,  In  the  last 
case,  it  may  be  necessary  to  offset  the  label  somewhat,  either  to  allow  for  parallax  or  to 
enable  the  label  to  be  read  while  the  surface  is  being  activated.  If  this  is  so,  the  label 

has  to  he  slightly  above  the  sensitive  region  which  it  designates.  Some  independent  information 
regarding  the  input  being  made  with  the  touoh  sensitive  surface  must  be  provided  os  a  condition 
for  the  operator  to  be  able  to  learn  to  become  proficient  when  using  it. 

(3)  The  input  with  a  touch  sensitive  surface  has  no  moving  parts.  Therefore  there  can  be  no  direct 
evidence  from  this  source  that  an  input  is  being  made  successfully  or  has  been  successfully 
completed.  Feedback  is  vital  to  the  operator  and  must  therefore  be  provided  in  some  other  way, 
even  by  auditory  clicks.  The  prefeired  method  is  to  show  on  a  display  what  is  being  entered 
as  it  is  entered.  The  touch  sensitive  surface  may  itself  change,  for  example  by  uhowing  a 
different  3et  of  options  as  a  means  of  indicating  the  completion  of  the  previous  input,  though 
this  change  will  not  necessarily  indicate  that  the  previous  input  was  correct. 

(4)  The  region  whioh  is  touoh  sensitive  for  a  particular  funotion  should  be  apparent.  It  should  not 
be  possible  to  touoh  any  position  and  activate  more  than  one  function.  If  it  is  possible  to 
touoh  a  position  and  activate  no  function,  there  must  be  some  feedback  to  show  why,  so  that  the 
operator  knowo  which  way  to  move  his  finger  to  activate  the  intended  funotion.  The  operation 
of  the  touch  sensitive  surface  must  be  consistent,  files  the  required  kind  of  touch,  in  terms 
of  its  pressure,  duration,  eto.,  has  become  land  liar,  it  must  always  succeed.  Any  suggestion 
of  arbitrariness  in  the  functioning  of  a  touch  sensitive  surface,  so  that  it  sometimes  func¬ 
tions  and  sometimes  does  not  in  unpredictable  ways,  will  guarantee  slow  and  inefficient 
performance,  negative  attitudes  towards  it  and  a  lack  of  smoothnoss  .and  proficiency  in  its  uco. 
The  options  whioh  the  touoh  sensitive  surface  presents  muBh  always  be  unambiguous.  If  for  any 
reason  it  does  not  fwiotion,  the  reason  must  be  olear  to  tins  operator  so  that  Vie  can  bog  what 

he  must  do  to  activate  it  os  desired. 

Switches  and  knobs 

Other  discrete  controls  common  in  air  traffio  control  include  switches  and  knobs.  Most  of  these  are 
used  for  occasional  functions,  for  setting  up  displays  or  for  selecting  facilities.  Switohes  may  be  two 
or  three  position  single  switches,  or  rotary  switohes.  In  either  casu,  there  should  bo  a  firm  atop  at 
each  possible  position  of  the  switch  and  it  should  never  be  possible  to  set  the  switoh  inadvertently 
between  positions.  Each  position  for  the  switch  should  bs  clearly  labelled.  It  must  always  be  possible 
to  tell  at  a  glance  the  position  at  whioh  the  switoh  is  set  however  many  poi)  tiono  there  are,  to  bbo  how 
many  settings  of  the  swit'Ah  are  possible,  and  to  know  whether  tho  switch  lias  been  activated  or  not. 
Standard  guidelines  in  inwian  faotoro  handbooks  should  be  followed  to  achieve  those  objectives.  The 
function  of  each  switch  should  bn  made  as  soil' -evident  as  possible  by  moons  of  its  positioning  in 
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relation  to  othsr  displays  and  controls,  and  its  labelling.  Knobs  have  comparable  functions  to  rotary 
switches  in  air  traffic  control  workspaces,  and  the  sane  guidelines  apply  to  thorn.  Their  settings  must 
each  be  clearly  marked,  and  the  position  at  which  the  kr.ob  is  set  should  be  immediately  obvious  from  the 
shape  of  the  knob  and  from  the  engraved  settings  for  it,  and  should  not  appear  to  alter  with  viewing 
position.  The  shape  of  knobs:  can  be  varied  so  that  knobs  with  different  functions  have  different  shapeB 
and  are  discriminable  from  each  other  visually  and  by  touch. 

Some  controls  seldom  have  any  relevance  to  air  traffic  control  or  are  too  cumbersome.  Thumbwheels 
are  not  generally  suitable  for  setting  in  air  traffio  control  data.  They  take  too  long,  and  can  ua  a 
source  of  errors  and  misreadings.  Light  pens  are  also  generally  unsuitable,  being  beat  for  drawing-  or  for 
tracking  moving  objects,  neither  of  which  are  functions  commonly  needed  in  air  traffic  control  tasks. 

Light  pens  have  the  serious  disadvantage  of  being  awkward  to  time  share  with  other  controls,  since  they 
have  to  be  picked  up  and  put  down  every  time  they  are  used.  Continuous  usage  of  a  light  pen  demands  firm 
support  for  the  arm  or  elbow  to  forestall  fatigue;  suoh  support  requires  free  shelf  apaoe  whioh  is  not 
always  easy  to  provide  in  air  traffio  control  workspaces. 

Continuous  Controls 

There  is  a  requirement  for  continuous  controls  in  many  air  traffio  control  tasks.  The  main  options 
are  joyotioka,  rolling  balls  (traok  balls),  and  cursors.  All  share  the  problem  of  striking  the  best 
compromise  between  speed  of  movement  and  accuracy  of  positioning:  this  decision  on  gearing  probably  hae 
a  more  important  effeot  on  the  performance  aohieved  than  the  choioa  of  type  of  continuous  control.  In 
air  traffic  control,  the  roiling  ball  seems  to  be  the  most  favoured  continuous  control.  Equally  good 
performance  in  air  traffio  control  tasks  can  usually  ba  obtained  from  a  well-engineered  joystick,  whioh 
has  the  advantage,  if  it  is  linear,  that  it  is  possible  to  tell  by  looking  at  it  the  approximate  region 
of  the  display  where  the  associated  marker  can  be  found.  The  problem  of  loBing  the  marker  or  of  itB 
reappearance  at  the  opposite  side  of  the  display  does  not  arise  with  a  linear  joystick.  With  a  well 
constructed  joystiok,  rolling  ball  or  cursor,  suitably  geared,  it  is  possible  to  aohieve  impressive 
performance  and  the  operator  can  make  very  small  movements  indeed,  of  the  order  of  0.1  mm.,  whioh  may  not 
be  visually  discernible.  If  accuracy  is  required,  the  gearing  should  be  set  so  that  the  limitB  are 
perceptual  rather  than  an  artifact  of  the  control  type  and  its  sensitivity:  in  other  words,  if  an  error 
can  be  seen,  it  can  be  correoted.  Suoh  a  degree  of  accuracy  is  seldom  needed  in  modem  air  traffio 
control  systems  whore  the  speed  of  movement  of  a  continuous  control  is  generally  of  more  practical  signi¬ 
ficance  than  accuracy  of  marker  positioning.  The  question  of  gearing  is  discussed  further  in  the  noxt 
section. 

Plugs  and  isookeis,  etc 

Though  not  controls  in  the  conventional  sense,  several  further  items  used  and  handled  by  tho  con¬ 
troller  should  bo  designed  and  located  to  facilitate  their  effective  manipulation  at  his  workspace.  His 
telephone,  for  example,  must  be  compatible  with  his  headset  where  both  may  have  to  be  used  at  once,  and 
the  telephone  should  be  positioned  to  bo  in  easy  reach,  so  that  ho  oan  view  other  essential  information 
while  using  it,  and  no  that  its  oable  does  not  get  in  the  way  of  anything  else,  Its  location  and  instal¬ 
lation  are  an  integral  part  of  tho  workspace  design,  and  should  not  bo  an  afterthought.  Similar 
considerations  apply  to  tho  sockets  for  headsets,  whioh  should  grip  the  plug  firmly  and  have  an  unmis¬ 
takable  feel  to  indicate  that  tho  plug  is  homo.  The  plug  should  ba  released  without  tugging.  It  should 
never  he  possible  to  plug  a  headset  into  a  socket  not  intended  to  house  ono.  Extra  sockets,  for 
listening  in,  supervision,  on-the-job  training,  maintenance  checks,  etc.,  should  ba  clearly  distinguished 
from  standard  ones  if  they  have  a  different  specification  or  are  intended  for  different  purposes. 

foot  Switches 

A  further  type  of  oontrol  found  in  air  traffic  control  workspaces  is  tho  foot  switch.  This,  if 
required,  should  serve  an  on-off  function,  rather  than  one  whinh  provides  continuous  oontrol  or  has  to 
be  presood  for  a  long  time,  From  Figures  1,  2  and  3,  it  will  be  apparent  that  the  decision  to  include 
one  or  more  foot  switches  lias  major  implications  for  the  console  profile  and  the  Boating  design,  sinoe 
it  is  not  usually  practical  to  incorporate  a  large  adjustment  in  the  foot  switch  itsolf,  and  the  optimum 
eye  position  may  have  to  be  sacrificed  to  allow  people  with  grossly  different  body  sizes  to  use  the  foot 
switch  in  comfort,  generally  there  should  only  be  ono  foot  switoh  per  position,  and  since  that  foot 
switch  con  serve  only  one  function  the  arguments  in  its  favour  are  probably  outweighed  by  the  ergonomic 
problems  its  presence  engenders.  If  a  foot  switch  is  present,  it  is  essential  to  provide  a  clear  visual 
indication  for  tho  operator  of  its  state  of  activation,  sinoe  he  cannot  see  it  direotly. 

9o  CGNTHOL  3EN3ITTVITI  AMO  FUNCTION 

The  importance  of  control  typo  as  a  determinant  of  efficiency  can  sometimes  be  overestimated.  The 
residual  differences  between  alternative  control  types  may  be  quite  small  if  they  are  appropriate  for 
their  funotion  and  the  operators  have  become  fully  proficient  in  using  them.  The  importance  of  oontrol 
uensitivity  and  gearing  is  as  consistently  underestimated;  incorreot  sensitivity  con  set  severe  perfor¬ 
mance  limits  and  engender  errors. 

Although  sensitivity  as  a  concept  can  be  applied  to  discrete  controls,  for  example  to  keys  which 
require  excessive  force  to  be  operated  or  which  are  triggered  by  the  slightest  brush,  it  is  generally 
applied  to  continuous  controls,  and  especially  to  their  gearing,  which  is  the  amouvt  of  movement  of  a 
display  marker  per  unit  movement  of  the  control.  Optimum  sensitivity  varies  with  the  task  and  especially 
with  requirements  for  speed  or  aoouracy.  For  most  tasks  and  gearings,  speed  is  obtained  at  the  cost  of 
accuracy,  and  vice  versa;  the  closeness  of  the  negative  relationship  between  spuud  and  accaraoy  varies 
with  the  oontrol  type  -  it  is  much  closer  for  a  rolling  ball  than  for  a  joystick.  Efforts  to  aotiove 
both  spaed  and  accuracy  lead  to  various  strategems,  suoh  as  coarseifine  ratios  to  give  more  than  one 
gearing,  and  non-linear  gearings  so  that  large  or  fast  movements  of  the  oontrol  produce  proportionately 
greater  movements  of  the  raarkar  than  small  or  slow  movements,  or  than  those  produced  by  a  linear  oontrol. 
Generally  in  air  traffio  control  great  sensitivity  is  not  needed  because  great  accuracy  of  marker 
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positioning  is  not  needed.  The  marker  is  moved  to  designate  an  aircraft  or  oharaoter  or  label,  and  does 
not  have  to  be  positioned  with  the  degree  of  accuraoy  required  if  it  has  to  be  centred  on  a  point. 
Therefore  for  most  air  traffic  oontrol  applications  a  relatively  small  movement  of  the  control  should  pro¬ 
duce  a  large  movement  of  the  marker.  For  a  joystick,  its  total  arc  of  travel  would  normally  cause  the 
marker  to  traverse  the  entire  display.  For  a  rolling  ball,  rapid  spinning  of  the  ball  should  never  be 
needed.  It  should  always  be  possible  to  reposition  the  marker  to  the  required  level  of  accuracy  within  a 
second  or  so.  If  it  is  not,  then  either  the  gearing  is  wrong  or  the  need  for  such  high  accuracy  in 
positioning  should  be  questioned. 


Air  traffic  control  functions  using  oontrols  can  be  olassified  under  the  following  general  headings: 


(1 )  Sstting  up:  for  two  settings  use  a  push  button,  toggle  or  switch. 

for  three  settings  use  a  three-position  toggle  switch  or  rotary  knob. 

for  more  than  throe  settings  uee  a  rotary  seleotor  or  knob,  which  includes  an  "off" 

position. 

If  the  settings  are  very  numerous  (more  than  about  10)  do  not  attempt  to  get  them 
all  on  a  single  rotary  seleotor.  The  necessity  to  have  them  all  on  tho  same 
control  should  be  questioned  by  considering  whether  all  the  settings  really  are 
on  the  same  dimension.  Separate  controls  should  be  used  for  different  dimensions. 
All  settings  should  be  labelled. 

(2)  Designating  positions  on  a  display:  use  continuous  controls  BUch  as  joysticks,  rolling  balls  or 

oursors  or  a  touch  sensitive  surface  if  low  levels  of 
acouracy  would  suffice.  Continuous  oontrols  usually 
require  push  buttons  to  be  operated  when  the  marker  is  at 
its  designated  position. 


(3)  Selection  of  3tates  or  facilities:  for  two  states  use  push  button  or  toggle  switch. 

for  more  than  two  etates  use  a  rotary  switch  or  a  row  or 
column  of  push  buttons. 


(4)  Data  entiy:  use  push  buttons  in  the  form  of  a  keyboard  or  touch  sensitive  surfaces.  Perhaps 
thero  may  be  direot  voice  input  in  future. 


(5)  Data  retrieval:  use  functional  keyboards,  touch  sonuitivo  surfaces  or  continuous  controls  in 
conjunction  with  push  buttons.  Again  voioe  may  ba  used  in  the  future. 


<Jd  INTSBACTIOUS  BETHEGN  CONTOOIS 


The  first  requiromont  is  that  the  user  must  not  mistake  one  control  for  another.  This  problem 
arises  between  oontrols  of  the  name  type  which  should  therefore  be  distinguished  from  one  another  by  their 
appearance  (size,  shape,  oolour,  texture,  eto.)  unlasB  they  are  intended  to  be  used  as  a  group  (for 
example,  four  controls  with  tho  same  alignment  indicate  that  all  is  well).  Every  control  should  have  some 
label  or  designation  to  indicato  its  function,  partly  as  a  memory  aid,  but  also  to  discourage  random 
exploratory  tinkering  when  there  is  nothing  to  do.  Although  not  general  practice,  it  oan  bo  useful  if 
certain  controls  are  alac  distinguished  by  the  way  they  feel  when  they  are  operated,  particularly  if  it 
could  be  hazardous  if  adjacent  controls  were  mistaken  for  eaoh  other.  They  might  therefore  require  a 
different  force  to  operate  or  have  a  different  travel  distance.  However,  if  this  problem  arises  a  more 
fundamental  cure  is  called  for:  similar  oontrols  should  not  be  adjacent  if  the  operation  of  one  in 
mistake  for  the  other  could  bo  hazardous. 


The  ways  in  whioh  oontrols  will  be  usod,  including  their  normal  sequenoe  of  usage,  should  bo  reflected 
in  the  workspace  design,  in  the  ohoice  of  control  types  and  sensitivities,  in  their  positioning  in  rela¬ 
tion  to  diaplays,  and,  for  frequently  used  controls,  in  their  relative  positioning  on  the  shelf.  Unwanted 
interactions  between  controls  have  therefore  to  bo  foreseen  and  provonted,  rather  than  oured  after  the 
equipment  has  been  installed.  Many  air  traffic  control  tasks  involve  the  concurrent  or  consecutive  use 
of  more  than  one  oontrol.  Although  tasks  should  bo  designed  to  minimise  the  need  to  change  from  one 
nnntrol  to  another,  a  certain  amount  of  changing  in  air  traffic  oontrol  is  inevitable.  The  main  guiding 
principles  in  considering  tho  interactions  between  controls  include  the  following: 

(1)  Minimise  gross  hand  and  arm  movements  when  changing  from  one  oontrol  to  another. 

(2)  Employ  controls  whioh  are  in  a  state  ready  for  immediate  use  end  do  not  have  to  bs  picked  up 
and  put  down  or  moved  or  switched  on  before  they  can  be  used. 

(3)  Do  not  have  oontrols  with  gross  differences  in  sensitivity,  so  that  one  requires  large  movements 
and  another  small,  fine  adjustments. 

(4)  Do  not  employ  together  oontrols  which  impose  gross  differences  in  the  pace  at  whioh  they  can 
be  used. 

(5)  Minimiuo  the  total  number  of  different  typos  of  control  within  the  workspace. 

(6)  Ensure  that  there  are  no  incompatibi  lities  botwoon  controls  in  their  expected  directions  of 
movement. 

(7)  Do  not  omploy  within  the  some  workspaoa  controls  whioh  demand  very  different  forces  to  oporata 
them. 

(8)  Use  tha  layout,  engraved  lines,  oolour  codings,  and  other  devices  to  show  visually  the  presence 
of  important  links  between  oontrols. 
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(9)  Use  meohanioal  or  olootronio  intar  lock  ir.g  to  prevent  any  deliberate  or  inadvertent  operation  of 
controls  together  or  in  succession  which  could  be  operationally  dangerous  or  could  damage 
equipment.  Do  not  rely  solely  on  human  memory  but  assume  that  every  possible  combination  of 
control  will  sooner  or  later  ooour  and  positively  prevent  those  combinations  which  for  any 
reason  must  not  happen. 

9e  CONTROL  DISPLAY  RELATIONSHIPS 

As  far  as  possible,  the  workspace  design  and  the  looation  of  controls  and  displays  in  relation  to 
eaoh  other  should  make  the  functions  of  each  control  self-evident  to  an  experienced  user  and  should 
render  the  interactions  between  controls  and  displays  obvious.  There  has  been  a  failure  in  task  design, 
workspace  layout,  control  specification  and  labelling,  or  training,  if  a  control  is  provided  but  never 
used,  or  consistently  used  inappropriately  either  because  it  is  unsuitable  for  its  intended  function 
or  because  the  user  does  not  know  or  understand  what  its  function  iB,  or  because  it  has  no  obvious 
association  with  any  displayed  information.  Control-display  relationships  are  intended  to  foster  the 
efficient  and  safe  use  of  the  control,  to  help  the  man  to  select  the  correct  control  and  to  remember 
what  it  does,  and  to  make  it  easy  to  carry  out  each  function  efficiently. 

Several  principles  can  be  followed  to  realise  these  objectives: 

(1)  Position  controls  beside  the  displays  to  which  they  refer.  ThiB  guideline  is  easier  to 
implement  for  rarely  used  controls  than  for  those  in  frequent  use,  since  it  may  be  incompatible 
with  the  provision  of  adequate  wrist,  arm  or  elbow  support  during  the  manipulation  of  the 
control.  When  task  requirements  and  the  conventions  for  movement  (see  3  below)  permit, 
oontrols  for  a  display  should  be  beneath  it  or  to  the  right  side  of  it  (assuming  a  predominance 
of  right-handed  operators),  so  that  information  on  the  display  is  not  obB cured  by  the 
viewer's  arm  whenever  he  activates  the  control. 

(2)  Replicate  display  layouts  in  control  layouts.  This  principle  applies  in  most  extreme  form 
to  touch  sensitive  aurfaoes  whioh  are  also  controls.  But  if,  for  example,  touchwirea  within 
the  display  are  replaced  by  a  keyboard  on  the  ehelf,  while  the  eleotronically  generated 
labelling  remains  unaltered,  the  layout  of  the  keys  should  replicate  the  layout  of  the  labels 
with  whioh  they  remain  associated.  Their  relative  positioning  must  be  retained;  their  abso¬ 
lute  spacing  need  not  be,  so  that  the  optimun  spacing  between  adjacent  keys  should  be  that 
recommended  for  keyboards  rather  than  that  of  the  labels  on  the  display. 

(3)  Follow  the  standard  conventions  for  display  movement  in  relation  to  control  movement.  These 
include : 

the  direction  of  movement  of  the  display  and  the  oontrol  Bhould  bo  the  same; 

the  control  should,  where  possible,  be  in  the  same  plane  as  the  display,  with  its  axis  of 
rotation  at  right  angles  to  thut  piano.; 

display  movements  should  be  proportional  to  control  movements,  or  conform  to  another 
ossi  ly  learned  relations  Id  p  between  them; 

control  movements  whioh  are  clockwise,  to  the  right,  forward,  or  up  should  bo  associated 
with  increases. 

Toggle  switches  are  awkward  because  there  are  two  contrary  conventions  -  down  for  on  in  the  UK; 
up  for  on  in  the  US;  it  is  best  to  follow  the  local  convention  wherever  they  are  used. 

'4)  u«e  similar  codings  for  displays  and  the  controls  associated  with  them.  This  is  most  readily 
done  by  employing  the  same  labelling  on  both,  the  same  typefaces  on  both  or  the  same  colours 
on  both.  The  more  the  oontrols  look  like  the  related  display  contents,  the  more  readily  they 
can  be  associated  with  them. 

(5)  Show  links  between  controls  and  displays  visually  by  engraved  lineB  or  similar  means.  This 
principle  is  most  applicable  in  air  traffic  control  to  displays  for  purposes  suoh  as  mainten¬ 
ance  and  fault  finding  rather  than  for  air  traffic  control  itself,  but  as  a  principle  it  can 
be  successful  oven  in  air  traffic  control  if  used  sparingly  and  not  too  obtrusively. 

(6)  Follow  the  samo  conventions  for  control-aiiBplay  relationships  consistently  throughout  the 
workspace,  with  au  few  different  conventions  as  possible. 

(7)  Tie  display  changes  directly  to  control  movements,  so  that  the  relation  between  them  seems 
causal  to  the  operator,  and  the  display  provides  inraediate  confirmation  that  the  control  is 
being  activated. 
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CHAPTER  10 
COMMUNICATIONS 

10a  TRANSMISSION  OP  INFORMATION  WITHIN  THE  AIR  TRAFFIC  CONTROL  SYSTEM 

Communications  in  air  traffics  oontrol  have  seldom  boon  studied  in  their  own  right  in  human  factors 
terms,  with  scientific  measurements  of  the  effects  of  known  and  specified  variables  in  communications 
on  controller  performance  or  system  efficiency.  Rather,  communications  facilities,  often  in  elaborate 
form,  have  bean  provided  as  an  essential  prerequisite  for  the  study  of  other  aopeots  of  system  perform¬ 
ance,  particularly  in  air  traffic  oontrol  simulations.  As  a  result,  communicationu  in  air  traffic 
control  constitute  a  relatively  neglected  human  factors  topic. 

The  transmission  of  information  within  the  air  traffic  control  system  presupposes  a  sender  (man  or 
machine),  a  recipient  (man  or  machine),  a  communications  channel  between  them,  and  information  in  a  form 
suitable  for  transmission.  The  subject  matter  of  human  factors  otudies  of  communications  therefore 
includes  in  principle: 

(1)  Attributes  of  the  sender  widen  affect  the  information  that  can  be  sent. 

(2)  Attributes  of  the  recipient  wnich  determine  the  information  which  can  be  received. 

(3)  Characteristics  of  the  transmission  channel,  Buch  as  its  capacity  and  the  changes,  d i a to rt i one , 
or  failures  in  information  transmission  which  it  can  induce. 

(4)  Characteristics  of  tho  information  transmitted,  including  its  form,  content,  pace  and 
compatibility  with  the  communi cations  facilities. 

Since  information  can  bo  sent  or  roceivod  by  either  a  man  or  a  machine,  its  communication  can  take  four 
main  forms: 

(1 )  Man  to  machine  (generally  sent  by  using  controls). 

(2)  Machine  to  man  (generally  sent  in  tho  form  of  information  on  displays). 

(3)  Man  to  man  (generally  in  the  form  of  speech). 

(4)  Maohine  to  maohine. 

This  last  category  is  not  usually  of  direct  human  faotors  oonoorn,  except  whore  tho  maohine  processes  tho 
information  in  some  way  for  human  use  (for  example  by  collation,  summary,  tabulation  or  soleotion)  in 
ways  which  tfu  man  may  not  appreciate  and  which  are  beyond  his  intervention.  Under  the  heading  of  man  to 
man  communications  are  inoluded  tho  use  of  s/'f  and  telephones,  even  though  these  are  intervening  machineu, 
the  characteristics  of  whioh  as  transmission  channels  may  introduce  substantial,  though  largely  predictable 
changes  between  what  is  sent  and  what  is  received.  Man  to  man  communications  also  include  hand-written 
pieces  of  paper,  suoh  as  manually  prepared  flight  strips. 

A  further  four-fold  independent  classification  of  air  traffic  oontrol  communications  distinguishes 
between  messages  from  air  to  ground,  ground-to-ground,  ground-to-air,  and  air-to-air.  This  last  is  tho 
least-  important  category  for  air  traffio  control  purposes,  although  it  is  not  irrelevant.  Pilots  may 
acquire  a  picture  of  the  traffic  near  them  from  overhearing  messages  sent  to  others,  and  this  picture  may 
be  a  valuable  safeguard  whenever  the  quality  of  the  air  traffic  oontrol  itself  is  suspect  for  any  reason. 

From  the  point  of  view  of  system  design,  communications  deal  with  channels  and  their  routeing.  The 
design  of  the  network  of  communications  also  depends  on  the  tasks,  tho  quantity  and  nature  of  the  infor¬ 
mation,  the  predioted  utilisation  of  channels  and  the  balance  between  available  funding  and  rosouroos  on 
the  one  hand,  and  on  the  other  hand,  tolerance  of  overloading,  of  delays,  of  garbling,  and  of  the  charac¬ 
teristic  eourcee  of  degradation  of  information  associated  with  alternative  methodc  for  transmitting  it. 

In  simulations  not  intended  to  study  communication  channels  as  such,  their  provision  is  usually  ample, 
and  controllers  often  remark  on  the  comparative  ease  of  establishing  contact  with  pilots  whenever  and 
wherever  required.  In  real  life,  communi oatione  are  often  subject  to  gross  variations  and.  deficiencies 
in  quality  and  accessibility.  Some  ohannele  may  bo  so  notoriously  unreliable,  and  some  places  or  people 
so  consistently  difficult  to  contaot,  that  ad  hoc  procedures  have  sometimes  boon  evolved  to  oircumvent 
or  by-pass  suoh  highly  fallible  communication  channels. 

If  information  is  sent  by  moanB  of  controls,  or  roooived  in  tho  form  of  display  contents,  the 
communications  seem  to  the  man  to  be  an  inherent  part  of  the  display  or  the  control.  If  the  overloading 
of  a  oommuni cations  ohannel  renders  a  control  temporarily  inoperative  or  if  information  garbled  during 
transmission  appears  unintelligible  on  a  display,  these  events  are  interpreted  respectively  as  a  faulty 
control  or  a  faulty  display,  rather  than  as  inadequacies  of  communication,  even  though  thoro  may  bo 
nothing  amiss  with  either  the  oontrols  or  the  displays.  The  user  may  take  comimaiicati.ono  facilities  for 
granted  until  they  fail  or  become  overloaded.  When  thRV  do,  his  frustration  nay  make  him  particularly 
antagonistic  towards  them  because  he  seems,  and  often  is,  powerless  to  oountor  their  failures. 

The  aspoot  of  communications  which  to  tho  controller  ie  most  dominant  is  speech.  Since  in  this 
ohapter  communications  are  considered  primarily  in  human  faotors  terms,  much  of  its  content  is  the ref 010 
concerned  with  npeoch  in  air  traffic  control.  However,  speech  is  no  longer  the  main  means  for  the 
transmission  of  information  within  the  air  traffio  control  system!  in  a  modem  system  far  more  Informa¬ 
tion  ia  transponded  and  gathered  automatically,  and  in  the  future  this  trend  will  be  accentuated,  for 
example  whan  data  derived  from  sate  Hite -based  navigation  systems  arc  employed  for  air  traffio  control 
purposes.  Therefore  communications  in  air  traffic  control  must  not  ba  equated  with  speech. 
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dsrivsd  i  ro»  «aitei«a;a.  :u  im^  m  .«>n  .sc.wca^  ir.  lv%sf..:  coatru  ,.  rjteArrtu.t*  i  .vaan  .^«*t  us.a 

AbowU.  I  c  buun  iHUrs  Una,  Itr  to  li  *  tls  is  tsea£.  laa  ?  js  naai  itja  -ojiat  ui  uuya  at  tea- 

oosputtr  to  wrre;  .wet.  coa;:j«nt  lot  it-',  i.c* .  moons m  in  lizmm  iLoa  st  lit  yr««Mt 

£«v « lopitesi t#  *14 .a  .riprovt  w&u  km  orr>  rspil. 

A  otUcj-  hr  air  traffic  ooalrvi  can  S6v«nri« *ts«  0*  dlatsc.  h^iui.  :sct.r»  ncsisuvUU  ai  1.0M 
aiaioj  U^K  in  t tin  ata^raiurw  cm.  m  ikupiu.  H  to«j  ar»  v*e<i  m  s  sourer  of  icaiynt*  sr.d  iw««sKior..  tc 
bo  v«ri  1’iod  in  sir  tmiiic  oontrol  cor.texts  6«for®  th *j  in  coruo dsrsd  Ur  opsrai.onsl  u»*.  Ai*a-#  sjrt 
credancs  ulwuld  l.«  plscsd  on  rscofnoter.dat  1  on d  otppcrtsd  ty  asta  :  roj;  osvsrs.  cotplstoi^-  mdsponlsr.t 
aourena,  than  on  recomor.aridat i ona  baaed  sol.'l^  on  n  Kin,;Je  source  or  context,  u:  inltar  h*ow  putsb  Is  it 
may  be.  Th«  inci^uuimr  aoohir.t  ication  ol  tho  \as«i*s  of  nwm-comr>ut<*r  iltsHrUsn  ss  these  hear  .ns  mors 
familiar  to  them  ahould  also  be  allowed  for  in  conaidenn^  optimun  son  -computer  dialogue*?  for  the  future. 
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Pooitive  air  traffic  control  cannot  take  place  without  nomo  means  for  transmitting  information  from 
air  to  ground  and  from  ground  to  air.  Prcrequisi tea  for  any  air  traffic  control  system  are  a  set  of 
rule 3  which  all  users  subscribe  to,  and  knowledge  of  the  traffic  pattern  and  of  tho  individual  aircraft 
within  it.  Traffic  control  entails  facilities  for  positive  intervention  in  the  form  of  instructions 
issued  to  individual  aircraft,  either  by  pre-planning  and  the  allocation  to  each  aircraft  of  a  time  when 
it  begins  to  follow  a  preset  procedure  (such  au  a  slot  for  departure,  or  a  designated  height  and  route 
for  crossing  the  Atlantic)  or  by  requiring  tactical  manoeuvres  (such  as  the  avoidance  of  oonfliot  with 
another  aircraft  or  tho  sequencing  of  aircraft  preparatory  to  their  final  approach  to  an  airfield). 

Insofar  ub  the  communication  with  all  aircraft  in  the  system  iB  incomplete,  the  air  traffic  control 
service  is  itself  incomplete. 

Initially  much  of  the  transmitted  information  in  air  traffic  control  was  in  the  form  of  speech.  On 
the  baai3  of  what  was  said,  the  controller  wrote  down  what  he  wanted  to  remember  and  used  that  informa¬ 
tion  aa  the  basis  of  his  air  traffic  control  decisions  and  instructions.  This  procedure  became  more 
formalised  with  flight  strips.  When  the  00 mm uni oat ions  channel  interfered  with  voice  transmission 
sufficiently  to  make  the  spoken  message  uncertain,  this  was  apparent  to  the  receiver  who  could  ask  for  it 
to  be  repeated  or  request  specific  information  to  verify  the  parts  of  the  message  about  which  he  was 
uncertain.  There  in  no  equivalent  to  this  function  oi' asking  for  a  message  to  be  repeated  when  data  are 
transponded  automatically.  Usually  the  controller  cannot  diagnose  suspect  data;  if  he  does,  he  cannot  ask 
for  it  to  be  sent  to  him  again,  or  ask.  many  questions  about  it. 

When  radar  information  was  added,  in  the  form  of  a  continuous  plan  view  of  the  traffio,  initially  the 
radar  picture  contained  come  information  from  the  sweep  about  tho  rate  at  which  it  was,  updated  and  the 
way  in  which  it  was  communicated,  and  some  information  from  the  signal-to-noise  ratio  about  the  reliability 
of  the  data.  Comparable  information  ia  absent  from  modem  secondary  radar  displays  which  portray 
information  of  apparently  high  quality  but  give  little  or  no  indication  of  tho  communication  channels  in 
uae,  of  the  accuracy  of  the  data,  of  tho  rate  of  trancmiseion  and  renewal  of  information,  or  of  the 
eerviceabi lity  of  the  communication  channels  themselven. 

These  points  apply  with  similar  force  to  modem  tabular  displays  of  air  traffio  control  data.  It 
may  be  possible  to  glean  from  them  some  notion  about  accuracy  and  transmission  rates,  but  there  is  no 
indication  of  the  amount  of  processing  the  information  has  undergone,  of  the  quantity  of  transmitted  data 
from  which  the  presented  information  has  been  derived,  or  of  the  state  of  tho  ooraounioation  charnels 
themselves.  In  fact,  new  and  in  the  future,  quantities  of  tranomitted  data  and  transmission 
rates  may  increase  vastly,  but  this  may  have  little  significance  for  tho  controller  while  the  appearance 
of  his  displays,  and  their  contents,  remain  ixichanged.  Changes  in  information  transmission,  especially 
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from  air  to  ground,  may  therefore  bo  of  much  lass  oonsaqusn.ee  to  the  controller  than  their  true  impor¬ 
tance  warrants.  Thu  gain  from  them  may  remain  largely  technical,  in  the  absence  of  direct  guidance  for 
the  controller  about  tn?nw 

With  increased  amouits  of  transmitted  information  go  demands  for  more  comm uii cation  channels,  for 
revisions  in  the  allocation  of  frequencies,  and  for  bettor  moans  of  o hanging  frequencies.  Problems  with 
human  ff.otor-a  implications  for  air  traffic  control  Include  the  overloading  of  a  channel  in  heavy  t.raffio 
just  when  overloading  is  least  tolerable  to  the  controller,  the  sequencing  of  verbal  messages  to  the 
controller  on  a  single  channel  into  an  order  to  take  some  account  of  their  operational  priority,  and  the 
specification  in  air  traffic  control  terms  of  the  amount  o  '  information  actually  transmitted  and  the 
aooiait  of  redundancy  in  it. 

10c  jPiliCH  AS  A  UKQIUM  Of  COKMUNI  CATION 

Although  aural  oomounioation  is  important  in  aviation,  the  main  emphasis  in  recent  studies  of 
speech  haa  bocn  on  voice  messages  in  the  cockpit  with  its  characteristic  background  noise *32,  Conditions 
ir.  air  traffic  control  are  different.  The  outstanding  oharaotoristioa  of  speech  in  air  traffic  oc.it ro  1 
are  i to  flexibility,  complexity,  immediacy,  and  freedom  from  restrictions .  Compared  with  displays  and 
controls,  with  their  preset  formats  and  functions,  speech  can  be  flexible  and  unfettered.  In  a  system 
context,  such  as  air  traffic  control,  this  is  not  necessarily  a  boon.  Hulas,  conventions,  formats  and 
t*r-xtnoiagy  have  to  be  lopcoed  and  standardised  to  try  and  ensure  that  spoken  air  traffio  control  moos- 

are  universally  intclli,  ,ible  and  compatiblo  with  tho  system.  When  they  are,  speaoh  becomes 
o  sparable  with  other  ways  of  sonding  information,  to  the  oxtont  that  comparisons  are  aatually  made.  In 
tes  u>aat,  torn  has  oocuriud  mainly  when  it  is  proposed  to  rcplaoo  spoken  messages  with  automatically  or 
MPUtliy  t runs penned  i nto i oat i on  using  controls  and  displays.  For  certain  functions  in  tho  future,  the 
latUrMyin  turn  yiold  to  automated  apooch  aynthocio  and  recognition,  though  not  retaining  the  full 
potential  flexibility  of  speech  between  people.  The  teohnioal  complexity  of  the  sounds  in  speech  hao 
ta.~>tii  to*  attempts  to  rocegniso  them  automatically,  which  generally  entail  frequent  sampling  of 
aucitroia  pnnnat.c  and  other  parameters  to  achieve  recognition  of  even  a  very  limited  vocabulary  in  a 
'(MM  voice. 

A  potential  attraction  of  direct  man-maohino  communication  by  speech  is  its  5 mmodiaoy  and  natural¬ 
ness  aa  a  for*  of  human  conmuni cati on,  which  makoe  the  alternatives,  such  as  keyboard  data  entry,  seem 
indirect  and  cumbersome  by  comparison.  In  certain  respects,  this  impression  can  be  misleading.  Speech 
is  not  nuoeatiari  ly  more  efficient,  quicker,  or  more  direct  than  its  practical  alternatives .  Some  tasks, 
such  as  the  oontrol  of  a  cur-eor,  apparently  become  more  diffioult  and  unwieldy  if  the  commando  must  be  in 
vo real  fora;  others,  ouch  as  tho  matching  of  oomplex  visual  pattoms  con  neither  bo  dona  nor  described 
effectively  and  comprehensively  in  verbal  terms.  However,  much  air  traffic  control  information  is 
expressed  in  tho  form  of  words,  and  speech  must  therefore  be  a  potentially  advantageous  way  of  communi¬ 
cating  it.  In  thu  caao  of  very  rare  events  aud  circumstances,  for  which  no  provision  lias  been  made 
in  tho  system  design  because  the  possibility  of  their  occurrence  was  never  foreseen,  Bpoech  may  bo  the 
only  means  of  commimi eating  essential  information,  which  is  sufficiently  free  from  restrictions  to  be 
employed  both  to  describe  the  rare  occurrence  and  to  formulate  and  express  tho  actions  required  to  deal 
with  it. 

In  common  with  other  means  for  aonvoying  information,  spoeoh  has  its  own  characteristic  sources  of 
error  and  confusion.  Host  of  thorn  aro  prodiotablo  in  general  terms  though  not  in  apecifio  instances. 

Just  as  tho  kinds  of  error  which  will  bo  mode  using  a  particular  keyboard  for  a  known  task  can  mostly  be 
prsdio+ed  by  examining  tho  keyboard  layout  in  relation  to  tho  task  for  which  it  will  be  used,  so  tho 
kinds  of  error  which  will  ooour  in  spoken  messages  can  mostly  be  predicted  by  relating  tho  mosoago 
formate  and  contents  to  the  consequent  probability  of  known  common  phonetic  confusions,  talcing  into 
aocour>.t  the  teohnioal  oliaraoteriuticc  and  distortions  of  tho  communications  channels  themselves.  Because 
many  of  the  sources  of  potential  confusion  in  spoken  air  traffio  oontrol  mossogos  can  bo  identified,  it 
is  possible  to  reduce  their  inoidenco,  though  nevor  to  eliminate  thorn,  by  designing  moesagoB  so  that 
these  sources  occur  as  rarely  as  poscihlo. 

In  a  man-machine  uyetom,  c pokon  messages  aro  outside  the  system  in  tho  sense  that  it  oannot  rocoivc 
them  direotly  or  integrate  them  in  their  spokon  form  with  other  sources  of  information  or  with  storod 
data.  Consequently,  information  whioh  ic  spoken  has  often  to  be  entered  into  tho  computor  additionally 
and  separately,  in  order  to  update  the  stored  information  and  to  ansuro  that  computations  baaod  on 
stored  data  take  aocount  of  the  contont  of  spoken  messages  To  tho  controllor,  to  spook  and  to  koy  in 
tho  same  information  can  conutituto  unnecessary  duplication  of  tasks,  the  more  irksome  the  busier  he 
becomes.  Such  ohoros  can  be  interpreted  as  compensations  for  maohino  dsfioioroioe.  The  replacement  of  Speech 
by  koying,  or  the  replacement  of  keying  by  speech  because  of  the  successful  automated  recognition  of 
speech  to  permit  diroot  voioo  entry,  both  offer  prospootu  of  progress,  and  moans  for  reducing  duplication 
of  effort. 

dpecoh  intelligibility  can  bo  assessed  by  establishing  whotlior  the  spoeoh  hao  boon  hoard  correct ly , 
but  it  is  more  oommonly  noecssod  in  terms  of  understanding.  Background  noise  affects  hearing  rather  than 
remembering.  Similar  sounds  may  bo  confused  with  each  other,  or  their  order  of  ooourrenoe  may  be  mis¬ 
interpreted,  either  of  whioh  can  have  serious  oonsoquonooc  in  air  traffio  oontrol.  Poor  signal  to  noise 
ratios  ai'foot  the  intelligibility  of  spoeoh  adversely,  ond  impair  tho  listener's  oonfidenoo.  Standard 
npeooh  discrimination  tests  can  be  used  to  diagnose  an  inadequate  speech  channel,  but  not  to  prodiot  tho 
spooific  problems  onoounterod  by  experienced  controllers  listening  to  air  traffio  control  messagoo  spoken 
over  that  channel,  uince  tho  ability  to  use  a  noisy  channel  improvoo  with  praotioc  and  familiarity,  and 
the  differences  between  individuals  and  between  groups  in  their  aoquired  ability  to  use  a  noisy  channel 
can  he  substantial.  The  gain  from  repeating  spoken  mossagoo  hoard  Qgainot  noioy  backgrounds  may  be  more 
in  oonfidenoo  than  in  hearing  or  in  understanding.  Noise  doos  not  affeot  all  frequencies  equally.  Moot 
noise  interferes  with  higher  frequencies  more  than  lowor  ones.  Intelligibility  can  often  bo  improved  by 
frequency  modulation  or  by  spoeoh  compression  techniques  ta  rodueo  'the  bandwidths. 
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For  moat  praotioal  purposes,  speech  is  best  treated  as  a  single  information  channel;  it  is  potenti¬ 
ally  confusing  to  try  to  listen  to  two  or  more  people  b peeking  different  messages  concurrently.  In  air 
traffio  control  this  is  a  praotioal  problem,  with  direct  apoeoh,  speech  over  Jl/T,  ami  perhaps  speech  over 
a  telephone  as  well.  If  more  than  one  source  of  speech  must  be  heard,  it  is  usually  batter  to  direct  one 
source  to  each  ear,  since  this  helps  the  listener  to  distinguish  them.  The  ability  to  perform  such 
diohotio  listening  tasks  declines  with  age.  Although  the  suooosuful  presentation  of  more  than  one  Bource 
of  speaoh  at  the  same  time  is  easy  to  aohleve  technically,  this  does  not  resolve  the  associated  human 
factors  problems  which  centre  on  understanding  rather  than  on  hearing,  on  the  need  for  frequent 
attention  switching,  on  the  involuntary  distracting  effects  of  new  messages,  on  the  need  to  listen  and 
understand  before  the  relevance  or  irrelevance  of  the  spokon  information  can  bo  established,  and  on  the 
increased  potential  for  confusion,  omission,  transposition  and  mishearing  associated  with  the  reception 
of  different  spoken  messages  at  the  same  time.  Therefore,  wherever  possible,  it  is  beat  to  design  the 
air  traffio  control  tasks  and  functions  to  prevent  the  simultaneous  occurrence  of  spoken  messages  from 
more  than  one  source  at  the  same  timo,  or,  if  this  cannot  be  done,  to  permit  the  controller  to  suppress 
or  delay  whiohevsr  message  he  does  not  want  to  hear,  if  he  finds  that  the  interference  between  them 
impairs  their  intelligibility,  as  it  is  likely  to  do. 

l'o  a  naive  listener,  speech  in  air  traffic  control,  particularly  speeoh  over  a  noisy  r/T  channel, 
sounds  unintelligible.  In  the  correct  interpretation  of  apoeoh,  much  reliance  is  plaoed  on  the  training, 
knowledge,  experience  and  special  skills  of  the  controller.  The  corollary  ie  that  findings  about 
intelligibility  of  speeoh  obtained  in  the  laboratory  or  in  applied  contexts  other  than  air  traffio 
control  should  nevor  bo  presumod  without  verification  to  be  applicable  to  air  traffio  control. 

IQd  QUALITATIVE  ATTRIBUTES  OP  SPEECH 

The  full  importance  of  the  qualitative  aspeote  of  Bpeech  may  be  recognised  only  when  they  are  no 
longer  present  because  speeoh  as  a  medium  of  communication  has  been  replaced  by  some  form  of  automated 
tranaponding  of  data.  It  is  thon  too  late  to  restore  the  qualitative  information  that  Gpoeoh 
conveyed . 

When  the  spoken  information  required  for  tanks  is  examined,  quantitative  air  traffio  oontrol  infor¬ 
mation  naturally  roceivos  most  emphasis.  It  is  clearly  essential  for  tank  performance .  Speeoh  has 
other  attributes  that  convey  information:  pace,  pauses,  repetitions,  structure,  phraning,  and  in 
particular  selective  focdback  in  the  form  of  individual  spoken  responses.  On  the  basis  of  thene  quali¬ 
tative  attributes  and  responoos,  each  speaker  in  an  air  traffio  oontrol  conversation  makos  judgements 
about  the  other:  about  his  competence,  his  calmness,  his  confidence,  his  professionalism,  his  relia¬ 
bility,  his  probable  workload,  his  emotional  state,  and  whether  he  has  really  understood  the  information 
sent  and  perhaps  formally  acknowledged. 

The  soundnesn  of  those  judgements  based  on  qualitative  information  may  be  uncertain  when  gauged 
impartially  and  scientifically,  but  to  thoso  who  make  tbo  judgements  they  are  the  basis  of  many  aotions 
and  decisions.  A  message  may  be  repeated,  evon  though  it  has  already  been  correctly  aciknow lodged.  An 
emergency  in  ths  air  may  reoeivo  the  pilot's  full  attention  because  ho  has  Judged  that  the  controller 
ie  calm,  oompetent  and  reliable  and  oan  be  loft  to  institute  appropriate  ground-based  procedures  on  his 
own  initiative.  A  controller  may  diagnose  uncertainty  or  inexperience  in  a  pilot  from  the  content  and 
manner  of  his  opoooh,  and  pay  more  attention  than  normal  to  the  noodo  of  that  pilot,  perhaps  by  allowing 
extra  air  Bpace  far  unprediotablc  manoeuvres.  Massages  sent  in  a  language  judgod  not  to  be  the  native 
language  of  the  listener  may  he  spoken  more  slowly,  more  distinctly,  and  in  a  more  standard  format  than 
normal.  Mosaages  sent  to  a  listener  who  is  judged  from  his  responses  to  bs  very  busy  may  bo  shorn  of 
inessentials  and  superfluous  pleasantries.  Spoken  information  of  vital  importance,  or  which  is  very 
unusual,  may  be  confirmed  and  reconfirmed  until  both  speaker  and  listener  arc  completely  . satisfied  tliat 
it  has  boon  hoard  and  understood  oorrootly. 

The  true  impaot  of  Guch  qualitative  attributes  of  speooh,  and  of  tho  aotions  they  load  to,  on  safety 
is  uncurtain.  Or  balance  it  seems  very  likely  that  they  do  improvo  safety;  certainly  the  belief  is 
etrong  among  many  controllers  and  pilots  that  safety  iB  enhanced  by  judgements  based  on  speech,  and  that 
those  judgements  arc  usually  correct.  When  speech  is  replaced,  wholly  or  in  part,  by  transponded  data, 
no  such  Judgementn  oan  be  made,  or  the  opportunities  for  forming  them  are  sovoroly  ourtailed.  The 
information  oontained  in  the  qualitative  aspects  of  speeoh  is  lost  without  speech.  It  has  no  equivalent 
in  automated  tranaponding  of  information,  in  man-oomputor  dialogues,  or  in  automated  speeoh  synthesis 
and  recognition.  Perhaps  the  consequences  of  these  attributes  of  speeoh  should  be  more  thoroughly 
explored,  to  establish  exactly  what  is  lost  when  spooch  is  no  longer  possible,  and  whether  what  is  lost 
needs  to  be  replaced. 

Information  gleaned  from  these  qualitative  attributes  of  spooch  is  not  neoessarily  beneficial  to  air 
traffio  oontrol  efficiency  or  safety.  Tho  examples  quoted  above  of  types  of  messages  which  might  bo 
thought  to  promote  safety  can  be  covntored  by  further,  but  fewer,  examples  whero  the  judgements  formed  on 
the  basis  of  speeoh  may  potentially  distraot  from  safety,  usually  by  stifling  further  speeoh.  A  curt 
response  may  discourage  further  verbal  communications (  an  apparently  obvious  confirmation  may  not  be 
carried  through;  an  action  whioh  should  have  been  queried  by  the  controller  may  go  unchallenged;  the 
controller  may  not  venture  to  ioaue  a  reminder  whioh  could  be  construed  as  casting  doubt  on  the  pilot's 
competence  -  in  short,  spokon  measagou  likely  to  invite  a  rebuff  may  not  be  sent  when  they  ehould  have 
been'w3,  Bxi*  they  will  not  bo  sent  either  when  speeoh  is  replaced  by  automatically  transmitted  data. 

While  there  are  many  instances  when  spoken  massages  between  controller  and  pilot  have  led  to  confu¬ 
sions  and  misunderstandings  whioh  would  not  have  arisen  in  the  absence  of  speech  and  which  would 
therefore  be  removed  as  sources  of  error  if  spoken  messages  could  bo  dispensed  with,  it  is  very  dear 
that  the  form  of  data  transmission  that  replaces  speech,  whatever  that  form  may  be,  will  bring  its  own 
quita  of  confusions  and  mis  understandings,  many  of  whioh  may  be  predictable  If  the  form  is  a  familiar 
one  but  may  not  be  if  it  is  novel.  The  apparent  findings  ot  omparisono  between  speech  and  Its 
absence,  and  their  reopeotive  consequences  for  efficiency  and  safety,  ofton  need  to  be  tempered  by  a 
hard-headed  appraisal  of  the  true  benefits  and  ponaltiou  of  change. 
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There  j.a  some  evidence,  much  of  it  from  experience  of  automation  in  Flight  Service  Stations,  that 
there  may  be  some  potential  ben'  .ts  in  certain  circumstances  when  speech  is  replaced  by  man— computer 
dialogues,  provided  that  the  dialogue  has  been  correctly  designed.  In  particular,  il  the  man  does  not 
understand  information  he  has  received,  he  may  be  more  willing  to  ascribe  his  failure  of  understanding 
to  inadequacies  in  the  computer  and  ask  for  clarification  or  repetition  of  the  information  than  he  would 
be  to  admit  to  someone  else  that  he  does  r.ot  understand  what  he  has  just  been  told.  It  may  be  important, 
in  designing  dialogues,  for  the  man  to  be  able  to  blame  the  machine  for  any  deficiencies  of  under¬ 
standing  that  may  arise  regardless  of  where  the  true  blame  should  lie.  His  efficiency  and  his  collabora¬ 
tion,  may  depend  on  the  ascription  of  his  failures  and  misunderstandings  elsewhere  while  he  gains 
experience  and  learns  to  overcome  them. 

In  communications  between  controllers  in  the  same  workspace,  speech  is  supplemented  by  the  informa¬ 
tion  obtained  from  seeing  the  speaker  direotly,  and  from  knowing  him.  This  includes  manner,  gestures, 
personality,  and  relative  status,  all  of  which  influence  the  interpretation  of  spoken  words.  In  repent 
years,  the  information  communicated  non-verbally  has  become  a  major  area  of  study  in  its  own  right  °  , 
but  the  usual  caveat  must  be  entered  here  about  extrapolating  findings  from  elsewhere  to  air  traffic 
control. 

lOe  AUTOMATED  SPEECH  RECOGNITION  AND  AUTOMATED  SPEECH  SINTKFSIS 

In  automated  speech  recognition  (also  known  t.s  direct  voice  input)  the  controller  enters  data  into 
the  computer  by  speaking,  instead  of  by  keying  it  in  or  using  another  control.  In  automated  speech 
synthesis,  the  computer  conveys  information  to  the  man  by  speaking  to  him  in  a  synthetio  voice,  instead 
of  presenting  information  to  him  on  a  display  or  changing  the  state  of  a  oontrol.  The  requisite  techno¬ 
logy  for  both  these  applications  is  row  available  in  principle,  although  a  great  deal  of  further  develop¬ 
ment  seems  necossaiy  before  either  could  be  introduced  into  operational  air  traffio  oontrol.  Initial 
application.'  to  air  traffio  oontrol  training  seem  more  probable.  Direot  voice  input  has  reached  a  stage 
of  being  as  good  as  a  keyboard  for  the  entry  of  certain  categories  of  air  traffio  cont.-ol  data”0  . 

A  greet  deal  of  research,  particularly  into  automated  speech  reoognition,  is  being  civ iucted 
currently  in  many  countries,  although  the  effort  does  not  seem  to  be  wall  co-ordinated.  The  possible 
applications  appear  to  be  very  numerous.  Tho  most  promising  ones  require  a  limited  vocabulary  which  can 
acoommodate  every  message  without  being  extended,  a  series  of  clearly  defined  options,  material  whioh 
can  be  expressed  in  forms  similar  to  menus,  and  a  structure  for  each  message  that  includes  an  unambiguous 
beginning  and  end  and  discrete  identifiable  intervening  BtageB  that  can  be  sequenced  according  to 
definable  logic  or  algorithms.  Much  air  traffio  oontrol  comes  near  to  meeting  these  requirements, 
although  perhaps  not  as  near  as  other  potential  applications  such  as  automated  booking  systems.  Never¬ 
theless  the  concepts  merit  examination  in  human  factors  terms  for  air  traffic  oontrol  applications. 

Uorae  formidable  technical  problems  have  still  to  be  overcome.  In  air  traffic  control  it  would 
probably  be  necessary  for  each  oontrollor  to  pre-rooord  the  whole  usable  vocabulary  in  and’  automated  speech 
recognition,  and  to  identify  himself,  perhaps  by  spending  his  name,  as  soon  as  ho  came  on  watch  so  that 
the  appropriate  package  would  be  used  to  compare  his  sneech  patterns  with  his  pre-recorded  ones,  mutch 
them,  and  recognise  his  massages  accordingly  ir  terme  of  matched  syllables,  words  or  phrases.  The  auditory 
patterns  to  be  matrned  would  not  necessarily  correspond  to  words  in  the  dictionary  sense  of  the  term,  but 
might  be  phrases  spread  over  a  second  or  two  if  these  wore  of  standard  pattern,  or  might  even  bo  parts  of 
a  word.  Nuch  work  has  still  to  bo  done  to  partition  air  traffio  oontrol  messages  into  verbal  units  which 
facilitate  pattern  matching  and  which  minimise  errors  and  mismatches.  Tho  extent  to  which  the  messages 
themselves,  the  sequence  of  itonis  of  information  within  them,  their  phrasing,  and  even  the  introduction 
of  pauses  within  them,  would  have  to  be  standardised,  taught,  and  rigorously  adhered  to,  would  have  to 
bo  established.  Perliaps  the  controller  would  have  to  learn  to  Bpeak  in  a  particular  wsy  —  another  imposi¬ 
tion  on  him  to  circumvent  technological  limitations! 

Certain  problems  in  automuted  speech  reoognition  arise  for  which  solutions  must  be  found  before  any 
application  to  air  traffio  control  can  be  seriously  contemplated.  Ciie  problem  concerns  any  air  traffio 
control  message  whioh  contains  a  sequenoe  of  more  than  two  numerals,  e.g.  220,  24“),  etc.  Such  equenceB 
are  very  common  in  air  traffio  control.  In  automated  speech  recognition,  the  first  and  last  numerals  can 
usually  be  recognised  sucoossfully,  but  tho  middle  one,  articulated  less  clearly  and  embedded  in,  and 
overlapping  with,  the  others,  cannot.  Problems  such  as  the  distinction  between  "to"  and  "2",  or  between 
"for"  and  "4",  have  to  be  resolved  by  a  combination  of  context,  priorities,  and  pattern  matching.  The 
common  cold  can  alter  the  voice  ao  much  that  the  computer  may  make  frequent  errors  in  matching  the  same 
voice  with  and  without  a  cold. 

In  some  respects,  the  ideal  might  be  e  system,  where  it  was  no*  necessary  to  pre-record  all  the 
spoken  data  because  the  words  of  a  new  speaker  could  be  recognised  by  the  .nachine  just  at.  they  are  recog¬ 
nised  by  other  human  beings.  However,  while  such  a  development  seems  a  prerequisite  for  tho  successful 
development  of  a  direct  voice  input  automated  booking  sye+'im  for  use  by  the  general  public,  il  may  not 
be  so  advantageous  in  air  traffio  oontrol  where  the  use  or  ore-recorded  mater- e..1  coupled  with  the  need 
for  positive  identification  of  the  speaker  by  the  compute-  may  provide  an  effective  safeguard  against 
unauthorised  tampering  with  the  system. 

Human  factors  is  concerned  with  the  solutions  to  the  t"  clinical  problems  of  automated  ep.ech  recogni¬ 
tion  and  automated  speech  synthesis.  It  can  apply  l he  extensive  cody  of  knowledge  about  common  phonotic 
confusions  and  sources  of  error  to  help  to  resolve  ambiguities.  The  potential  human  factors  implications 
of  automated  voice  recognition  and  synthesis  go  far  beyond  proving  the  technology,  minimising  errors  and 
expanding  the  vocabulary.  What  would  it  be  like  to  spend  the  working  asy  talking  to  a  machine  that  taj.,.3 
back,  when  there  is  no-one  elso  there?  Perhaps  the  man  would  come  to  prefer  talking  to  a  predictable, 
friendly  and  docile  machine  than  talking  to  real  people,  and  eventually  sim  other  people.  Perhaps  the  man 
might  treat  other  people  as  he  tree.te  the  maohine  and  they  mould  i-esent  it.  Perhaps  the  man  would  become 
able  to  work  effectively  only  in  isolation,  and  no4,  as  u  member  of  a  collaborative  team.  Perha,u)  the 
characteristic  errors  associated  with  autoira+ed  speech  recognition  or  synthos  .s  in  ail-  traffio  control 
cannot  all  be  adequately  uetected,  resolved  or  evoided.  I  ernaps  the  man  would  treat  the  machine  as  a  toy, 
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particularly  if  hs  had  to  be  at  Ins  workplace  for  Ion/1:  periods  with  few  air  traffic  control  tasks  to  do; 
he  would  play  with  it,  experiment  with  it,  and  try  to  test  it  to  its  limits,  with  dire  consequences  for 
its  reliability  or  even  for  the  efficiency  and  safety  of  the  air  traffic  control  system.  Perhaps  he 
would  coma  to  rely  on  the  machine  30  much  that  he  could  not  control  aircraft  traffic  without  it. 

In  addition  to  proving  and  improving  the  technology  of  automated  speech  recognition  and  synthesis, 

/e  should  ask  such  questions.  It  is  essential  to  find  acceptable  answers  to  them  before  the  idea  of 
introducing  extensive  automated  speech  into  air  traffic  control  is  seriously  adopted.  It  is  desirable 
to  be  able  to  predict  all  the  potential  human  fictora  consequences  first. 

IQf  CO-ORDINATION  AND  LIAISON 

Co-ordination  and  liaison  are  i"’’.erent  aspects  of  the  communications  within  an  air  traffic  control 
system.  There  are  other  aspects  jr  inherent,  such  as  handovers,  which  tend  to  be  discrete  events 

rather  than  on-going  activities.  Tl'  term  "co-ordination"  usually,  but  not  exclusively,  refers  to  the 
activities  of  controllers  when  the  handling  of  air  traffic  by  one  controller  impinges  or  will  impinge 
on  the  rightful  responsibilities  or  activities  of  another  controller.  Some  examples  may  clarify  this 
point.  Two  controllers  who  are  in  control  of  different  aircraft  in  the  same  airspace  at  the  same  time 
must  co-ordinate  their  activities  very  closely  and  continuously  to  maintain  safe  separations  and  smooth 
traffic  flows:  it  is  dangerous  if  either  acts  i ndependent ly .  A  military  controller  wishing  to  route 
an  aircraft  across  a  civil  airway  must  co-ordinate  this  by  agreeing  a  crossing  height  r ’d  approximate 
time  with  hie  civil  colleagues  in  charge  of  the  airway.  The  departure  time  end  climbing  profile  of  an 
aircraft  departing  from  a  small  airfield  to  enter  or  transit  the  terminal  area  of  a  larger  airport  must 
be  co-ordinated  before  departure  with  other  controllers  concerned,  who  may  include  on  inbound  controller, 
an  outbound  controller  and  a  controller  handling  other  local  traffic  just  outside  the  terminal  area. 

The  denser  air  traffic  becomes,  the  smaller  the  region  which  is  the  responsibility  of  a  single 
controller  tends  to  be.  The  requirements  for  co-ordination  increase  not  only  because  there  is  me  ’0 
traffic,  bid;  because  there  are  more  frequent  transfers  of  responsibility  for  each  aircraft.  Furtnor 
partitioning  of  the  regions  of  responsibi lity  becomes  at  some  point  self-defeating,  when  the  additional 
co-ordination  workload  exceeds  the  reduction  in  workload  of  other  kinds.  Co-ordination  requirements 
therefore  set  major  limits  on  system  capacity,  and  on  the  peak  number  of  aircraft  that  each  controller 
can  liahdle  at  once.  This  is  one  of  the  main  t-oasons  for  the  disparity  between  the  number  of  aircraft 
handled  by  a  military  controller  or  by  a  civil  controller  in  regions  whore  military  and  oivi  1  control  are 
not  integrated;  the  former  usually  has  much  more  co-oitlination  to  do.  Hitherto,  co-ordination  practices 
and  procedures  have  changed  relatively  little;  much  of  the  work  lias  still  to  be  done  by  the  man,  and  tho 
changes  wrought  by  automation  have  bn-.i  relatively  anal?.:  thi3  may  be  the  explanation  for  the  paucity 
of  studies  of  00-ordination  problems,  compared  with  those  dealing  with  displays  or  controls. 

Tho  form  and  extent  of  the  co-ordination  required  in  an  -ir  traffic  contnl  system  are  largely  sat 
by  the  syutom  design.  Main  influences  are  the  divisions  of  control  responsibility,  the  extent  to  which 
fcae  cs  are  performed  by  individuals  or  by  teams,  the  planned  traffic  handling  capacity  of  the  system,  the 
bal uice  between  strategic  and  tactical  control  procedures,  and  the  nature  of  the  air  traffic  control 
service.  Obviously,  co-ordin ition  of  traffic  approaching  a  terminal  area  is  more  intensive,  more  frequent 
and  more  urgent  than  that  of  traffic  in  mid-ocean  bayond  radai  coverage.  Co-ordination  problems  feature 
prominently  in  workspace  design.  Docisiona  on  whether  diopliiys  will  be  individual  or  shared  affect  co¬ 
ordination  mothods  greatly.  A  planning  and  executive  controller  in  a  team  may  sit  ni.de  by  side  (in  the 
UK)  or  back  to  back  (at  some  Eurooontrol  facilities).  The  consequences  are  major  in  terms  of  the 
controller  who  becomes  overloaded  first,  the  form  which  co-ordination  takes,  and  communications  directly 
or  via  equipment  such  as  telephones.  The  extent  to  which  co-ordination  can  bo  altered  once  the  system 
becomes  operational  is  vory  limited,  without  altering  ..inning  levels,  divisions  of  responsibility, 
facilities,  workspace  design,  or  the  system  design  itself. 

Co-ordination  should  be  studied  more  in  its  own  right  in  human  factors  terms.  Often  the  priorities 
appear  to  require  tho  co-ordination  procedures  to  bo  fitted  to  other  changes  in  aide,  facilities,  route— 
ings  and  procedures,  so  that  measures  aro  taken  of  how  much  co-ordination  there  has  to  be  for  the  air 
traffic  control  system  to  function  properly,  rather  than  plans  laid  of  how  much  co-ordination  there  ought 
to  be  for  effective  air  traffic  control.  A  policy  on  co-ordination,  considered  as  one  of  the  starting 
points  for  air  traffic  control  system  planning,  might  prove  helpful,  studies  on  effective  and  aafe  ways 
of  reduoing  co-ordination  and  the  human  errors  auaociuled  with  it,  are  also  needed. 

lOg  THE  LANGUAGE  AND  TERMINOLOGY  OF  AIR  TRAFFIC  CONTROL 

Air  traffic  control,  as  other  disciplines,  has  evolved  its  own  teohnical  terms.  Its  vocabulary 
contains  fow  neologisms:  most  words  have  been  adopted  from  common  currency  and  given  a  narrower 
tochnioal  meaning  opecifio  to  air  traffic  control  when  used  in  that  context.  Many  technical  terms  in 
human  factors  and  applied  psychology  have  similar  origins.  They  therefore  share  with  air  traffic  control 
the  problem  that  words  used  in  their  technica1  sense  may  be  misconstrued  by  anyone  familiar  only  with 
their  everyday  meaning,  so  that  their  true  significance  and  implications  may  not  always  be  appreciated. 

An  essential  part  of  the  stock-in— trado  of  the  experienced  controlle.  is  his  familiarity  with,  and  correct 
usage  of,  the  technical  meaning  of  air  traffic  control  terms.  An  oos'.itial  aspect  of  interdisciplinary 
col’aboration  on  air  traffic  control  problems  is  constant  verification  that  when  controllers  and  non- 
ccin.ro Horn  are  working  together  they  are  not  inadvertently  ascribing  different  meanings  to  technical 
air  traffic  control  terms,  and  thereby  unwittingly  engendering  mis>  ’derstandings  about  what  is  being 
agreed.  In  extreme  instances,  such  terminological  confusions  can  li  ad  to  subsequent  accusations  of  bad 
faith  if  they  are  not  recognised. 

Air  traffic  control  messages  are  raroly  given  as  sentences.  Much  of  the  recent  interest  in  linguis¬ 
tics,  and  the  theories  and  constructs  which  have  evolved  from  it,  has  little  direct  relevance  to  the 
language  of  air  traffic,  control.  The  standard  language  for  international  air  traffic  control  is  English; 
a  consequence  is  t!u»t  controllers  whose  native  language  is  not  English  may  know  only  the  technical 
meaning  and  not  the  more  general  meaning  of  many  of  the  term:,  vruit  they  use.  Thero  is  also  on  inoreaaed 
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likelihood  of  confusion  and  misunderstanding  when  unusual  air  traffic  control  circumstances  and  problems 
arise,  since  the  terminology  needed  to  describo  and  resolve  tho  problem  adeqvately  may  be  unknown  to 
a  controller  with  limited  command  o"  English. 

To  30010  extent,  spoken  air  traffic  control  messages  can  expand  or  contract  to  fit  the  time  available 
for  their  transmission.  In  light  traffic  densities,  courtesies  may  be  exchanged  and  sociable  conversations 
conductod,  which  are  omitted  if  tho  controller  or  pilot  ha3  no  spare  time  for  such  niceties.  In  heavy 
traffic  densities,  spoken  messages  rosy  be  shortened,  pruned  in  number,  quickened  in  pace,  and  acknowledged 
in  abbreviated  form,  so  that  maro  messages  can  be  transmitted  on  a  single  channel  in  a  given  time,  die 
con3oquence  of  thcoo  trends  is  that  measures  of  the  occupancy  times  or  utilization  of  information 
channels  and  frequencies  may  not  in  themselves  reveal  much,  without  concurrent  records  of  the  nature  and 
content  of  the  information  sent,  of  the  incidence  of  superfluous  and  redundant  messages,  and  of  occasions 
when  the  channel  was  in  uso  hut  not  for  sending  air  traffic  control  information. 

Computer  languages  are  used  for  air  traffic  control  software,  and  therefore  air  traffio  control 
terminology  must  in  certain  respects  be  compatible  with  them.  Tho  nomenclature  for  queries,  menus, 
commands  and  other  forms  of  man-computer  dialogue  must  not  only  be  reconcilable  with  the  language  of  air 
traffio  control  hut  mU3t  actually  employ  technical  air  traffic  control  terms  wherever  they  apply,  since 
to  use  any  other  terms,  or  to  ubc  air  traffic  control  terms  in  their  non-techr.ical  sense,  could  be 
mis  loading. 

Two  aspecta  of  tho  terminology  of  air  traffic  control  deserve  specifics  comment  i.i  human  factors  terms 
because  of  their  different  implications  for  tho  expected  incidonco  of  human  errors.  One  concerns  the 
allocation  of  callsigns  to  aircraft.  Those  are  the  menus  by  which  aircraft  are  generally  identified  in 
air  traffic  control.  It  ia  vital  for  safety  that  aircraft  should  not  bo  misidontified,  and  that  as  far 
as  possible  the  callsigns  of  different  aircraft  should  not  be  Bimilar  or  readily  confused.  Therefore 
it  would  be  expected  that  in  the  allocation  of  callsigns  to  aircraft,  all  prudent  and  reasonable  steps, 
though  not  obsessionally  pernickety  ones,  would  be  taken  to  try  and  minimise  tho  occasions  when  aircraft 
with  similar  callsigns  could  bo  in  the  same  airspace  under  the  control  of  the  same  controller  at  about 
the  same  time.  Obviously  this  could  not  be  achieved  perfectly  worldwide  all  ths  time,  but  a  firm  policy 
to  try  to  achieve  it  3hould  render  the  presence  of  aircraft  with  similar  callsigns  on  any  air  traffic 
control  display  simultaneously,  quite  rare.  In  fact  the  actual  allocation  of  callsigns  has  the  opposite 
effect,  and  well-nigh  ensures  that  aircraft  with  callsigns  which  could  readily  bo  confused  with  each 
other  will  be  under  the  concurrent  control  of  the  same  controller  far  more  often  than  would  be  expected 
by  chance.  Positive  proof  that  this  practice  is  potentially  unsafe  is  liard  to  como  by  -  it  is  not  easy 
to  determine  what  would  constitute  proof  in  statistical  and  scientific  terms  -  but  many  controllers 
worry  about  callsign  confusion,  and  in  human  factors  terms  the  principloB  for  the  allocation  of  callsigns 
should  be  re-examined,  with  a  viow  to  reducing  the  potential  for  confusions,  and  the  similarities 
between  callsigns  of  adjacent  aircraft. 

In  contrast  to  callsigns  is  the  other  aspoct  of  terminology  relevant  to  human  error  -  the  evolution 
and  adoption  of  tho  standard  ICAO  alphabet  (page  35),  Before  the  final  choice  of  words  for  tho  ICAO 
alphabet  was  made,  there  were  numerous  practical  tests  of  tho  acoustic  properties  of  tha  chosen  words  and 
of  alternatives ;  tlioir  intelligibility  against  noisy  backgrounds  was  touted;  their  meanings  (or  lade  of 
meanings)  and  their  connotations  in  various  languages  wore  examined;  the  low  potential  coni uaabi lity  of 
each  word  with  every  other  word  in  t he  sot  wan  cheokpd;  the  retention  of  the  intelligibility  of  each  word 
when  spoken  by  a  non-EngliGh  speaker  who  might  mispronounce  a  vowel  or  consonant  or  miBplaco  an  accent 
was  verified.  All  this  work  did  not  show  that  the  words  of  tho  ICAO  alphabet  could  never  be  confused  with 
each  other:  a  very  noisy  channel  can  ultimately  defeat  '  ven  the  most  dodioatod  efforts  to  onhanco 
intolligibi  lity .  What  tho  work  did  show  was  that  this  set  of  wordo  was  about  the  best  that  could  be 
devised  for  the  purpose,  and  that  no  alternative  set  would  be  likely  to  achieve  any  gross  improvements 
in  intelligibility. 

lOh  Alii  TRAFFIC  COKTKOL  PHRASING  AND  MEG  CAGE  FORMATS 

It  is  possible,  but  not  likely,  that  substantial  improvements  in  the  efficiency  of  air  traffic 
control  could  be  attained  by  recasting  its  phrasing  and  message  formats,  but  in  all  aviation  contexts  it 
is  always  potentially  hazardous  to  change  without  good  reason  any  message  formats  which  have  become 
familiar  and  trusted  as  inherently  safe.  Over  the  ycaro,  moot  of  tho  sources  of  actual  and  potential 
ambiguity  in  air  traffio  control  phrases  and  message  formats  have  been  identified  and  resolved,  it  is 
always  possible  to  find  more,  and  for  a  standard  message,  used  in  safety  on  thousands  of  occasions, 
suddenly  to  contain  on  ambiguity  in  exceptional  circumstances.  The  rare  misinterpretation  of  messages 
which  employ  phrasing  ana  formats  which  have  been  used  many  timeo  in  the  pant  in  safety  leads  occani anally 
to  a  tragic  accident,  but  such  ambiguities  are  now  rare.  Although  they  can  never  be  wholly  eliminated, 
the  bust  uafo.;, -uard  against  them  is  to  adhere  strictly  to  the  tried  and  true  formulae  which  have  served  so 
well  for  many  ycaro.  Ths  probabi  lity  of  ambiguity  and  misinterpretation  bocomou  very  much  higher  when¬ 
ever  non-standard  words,  phrases,  formats,  content,  cr  sequences  are  used.  To  recast  phrases  in  ordor 
to  resolve  ambiguities,  far  from  absolving  spoken  messages  from  errors  would  undoubtedly  engender  a  new 
crop,  which  would  gradually  emerge  in  daily  use,  first  in  the  form  of  common  confusions  to  bo  received 
and  ther.  in  the  form  of  typical  ambiguities  associated  with  progressively  rarer  ci  rcumstimcos .  To  have 
sources  of  confusion  at  all  in  air  traffic  control  messages  can  be  potentially  hazardous.  To  eliminate 
them  entirely  from  messages  spoken  by  human  beings  is  beyond  reasonable  oxpoctati on.  The  aims  arc 
therefore  to  try  and  minimise  their  occurrence  as  much  as  possible,  and,  having  accoptod  that  on  rare 
occasions  confusions  are  inevitable,  to  attempt  to  minimise  tho  adverse  consequences  which  any  single 
source  of  confusion  can  engender. 

Many  classifications  of  the  information  in  air  traffic  control  moscagoc  have  been  attempted.  There 
have  been  few  recent  attempts,  perhaps  because  tile  process  han  proved  to  l.c  unrewardi ng  and  unen lightening 
in  the  past.  Findings  iiavo  been  obtained,  but  they  have  generally  boon  confined  tc  what  would  be 
predicted  without  experimentation,  and  tho  practical  stops  that  should  follow  from  them  have  been  far 
from  cbviouo.  The  lengths  of  spoken  massages  in  air  traffic  control  tond  to  vary  with  tho  speaker's 
familiarity  with  the  language.  Ground  to  air  messages  ore  longer  than  air  to  ground  ones.  A 
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classifi cation  of  air  traffic  control  messages  into  the  categories  of  information,  instructions,  con¬ 
firmation^  and  requests,  assigns  a  preponderance  of  the  first  two  categories  to  controllers  and  of  the 
latter  two  to  pilots.  Messages  expressed  cither  in  the  form  of  sentences  or  in  more  abbreviated  air 
traffic  control  forms  can  be  compared,  and  in  both  cases  the  essential  information  is  embedded  in  longer 
conversations  which  could  be  shortened  substantially;  however  it  is  not  necessarily  safer  to  do  so. 

Ccmmuni cat ions  influence  workload,  and  a  reduction  in  opoech,  or  more  succinct  phrasing  or  formats, 
would  in  principle  exit  workload  and  free  more  time  for  other  tasks,  but  this  apparently  self-evident 
assumption  has  not  been  confirmed  on  the  rare  occasions  when  it  has  been  tested.  Significant  relation¬ 
ships  between  air  traffic  densities  and  phrasing,  formats,  and  amounts  of  communications  can  bo 
established,  and  can  be  shown  to  afford  reasonable  predictions  over  a  fairly  narrow  band  of  air  traffic 
densities,  but  the  sheer  flexibility  of  air  traffic  control  communications,  in  their  content,  pace,  and 
adaptation  to  the  time  available  and  to  changing  circumstances,  makes  any  extrapolations  of  these 
relationships  to  grossly  different  traffic  densities  precarious  and  largely  invalid,  just  as  it  can 
render  measures  of  ciiannel  occupancy  times  nugatory . 

The  consensus  of  human  factors  evidence  therefore  suggests  that  it  would  be  inadvisable  to  tinker 
with  the  well  established  current  air  traffic  control  phrasing  and  message  formats  without  good  reason. 
Further  minor  anomalies  and  sources  of  confusion  can  be  expected  to  emerge,  and  be  in  need  of  correction 
from  time  to  time.  However,  the  problem  arises  when  existing  practices  do  not  fit  new  technology. 

Perhaps  the  ultimately  successful  application  of  automated  speech  recognition  and  synthesis  to  air  traffic 
control  would  require  the  abandonment  of  traditional  phrasing  and  message  formats  altogether.  It  may  be 
that  really  effective  menus  or  options  can  never  be  presented  in  tho  air  traffic  control  terms  which  are 
used  now.  It  is  possible  that  the  way  to  efficiency  in  air  traffic  control  is  to  make  each  work  position 
more  automated  and  mors  autonomous  and  in  the  process  sorap  altogether  the  transmission  of  substantial 
amounts  of  air  traffic  control  information  in  verbal  form,  and  with  it  the  associated  difficulties  in 
phrasing  and  formats.  Certainly  in  contexts  other  than  air  traffio  control,  inefficiency  is  often 
associated  with  a  needless  reliance  on  essential  verbal  communications,  especially  when  the  amount  of 
such  communication  is  closely  related  to  the  task  demands.  Nevertheless  it  is  wrong  to  see  the  reduction 
of  verbal  communications  as  an  end  in  itself,  bound  to  bring  other  benefits  in  train. 

A  few  principles  can  be  enunciated  again: 

(1)  Always  employ  standard  phrasing  and  formats,  oven  when  it  seems  pointless,  unnecessary,  over- 
oumbersome,  or  excessively  time -consuming  to  do  so. 

(2)  If  in  doubt,  check,  repeat,  and  check  again,  even  at  tho  coat  of  a  rebuff  or  sarcasm,  both  of 
which  are  much  less  important  than  air  safety* 

(3)  9o  not  try  to  pass  too  much  information  at  once,  particularly  if  the  whole  message  contains 
more  than  one  set  of  potentially  similar  numerals  or  other  items. 

(4)  When  heavily  loaded,  and  at  other  times,  take  care  not  to  cut  off  the  beginning  or  end  of  a 

message,  either  verbally  or  by  a  switch,  but  be  sure  that  you  hear  the  whole  message  and  that 

the  whole  of  your  own  message  is  hoard. 

(5)  Do  not  skimp  on  acknowledgements,  repetitions,  confi rmations,  or  other  means  for  ensuring  that 
tho  message  in  its  entirety  has  been  received  and  understood,  and  that  there  is  no  room  lor 

mi s i nt  0  rprotati on . 

(6)  Do  not  include  in  messages  any  implication  that  there  ne  bo  no  further  communication  for  some 
considerable  time,  '.miens  the  circumstances,  such  as  t raus-oceanic  flight,  warrant  this  as  a 
matter  of  routine.  Light  traffic,  or  being  busy,  are  examples  of  circumstances  which  do  not 
warrant  this  implication. 

(7 )  Speak  at  a  regular  pace,  without  gross  variations  in  pitch,  and  be  sure  that  tho  end  of  each 

phrase  or  sentence  is  not  spoken  more  softly,  more  quickly,  or  at  a  much  lower  pitoh  than  the 

remainder  of  the  message. 

(0)  Never  assume  anything;  if  you  are  not  sure,  no  matter  how  obvious  tho  question  may  seem,  ask 
it  and  make  sure. 

101  INFORMATION  QUANTIFICATION  AND  REDUNDANCY  IN  AIR  TRAFFIC  CONTROL  MESSAGES 

Many  attempts  have  been  made  to  classify  and  quantify  air  traffic  control  messages.  None  has  proved 
sufficiently  encouraging,  practical  or  helpful  to  be  adopted  as  standard.  Sometimes  the  purposes  of 
class i float  ion  or  quantifioation  have  been  obscure. 

A  simple  method  is  to  measure  channel  occupancy  timoc,  and  the  relative  and  absolute  frequencies  of 
usage  ^f  various  channels  in  the  communications  network.  Occupancy  times  approaching  100$  for  any 
channel  point  to  actual  or  incipient  overloading  if  they  persist  for  any  appreciable  time,  and  in  many 
circumstancGs  average  occupancy  times  above  about  $Qf.  can  bo  construed  as  indications  of  overloading. 

High  occupancy  times  of  channels  can  occur  in  light  loading,  as  a  means  of  passing  the  time.  Occupancy 
tunes  need  to  be  supported  by  further  data  on  the  content  of  thG  messages  passed,  before  they  can  yield 
useful  findings.  Sometimes,  with  occuponoy  times  around  50$  in  particular,  a  great  deal  more  information 
can  be  transmitted  by  curtailing  unnecessary  verbiage  and  by  increasing  pace  and  succinctness,  without 
much  incroase  in  the  measured  channel  occupancy  times. 

Messages  can  be  classified  according  to  the  various  fourfold  categories  mentioned  in  Seotion  10a. 

They  can  also  b  classified  in  terms  of  the  air  traffio  control  agencies  involved.  Messages  may  be 
between  radar  and  planning  controllers,  between  sector  controllers,  between  agencies  controlling  different 
regions,  categories  or  levels  of  airspace,  between  military  and  civil  controllers,  between  domestic  and 
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internationals  centres,  between  gra und  movement,  approach,  departure,  terminal  area,  or  an  route  control¬ 
lers,  between  controllers  and  supervisors,  between  controllers  and  assistants,  and  so  on.  They  may  be 
oategorised  under  psychological  concepts,  such  as  information,  question,  confirmation,  acknowledgement, 
instruction,  etc.  They  may  be  classified  as  essentia.’  or  inessential;  as  related  or  unrelated  to  dis¬ 
played  information;  .as  introductory,  appropriate,  inappropriai  1,  or  irrelevant.  They  can  be  classified 
as  identity,  height,  heading,  destination,  routo,  time  si  repor  ting  point,  climb,  descant,  emergency, 
ar.d  so  on.  All  the  above  kinds  of  classification  of  air  ’ruff’d  control  information  have  at  some  time 
been  examined  as  a  means  of  speoiiying  air  t .afire  oor.ti ■, i  meuaagen,  and  suggesting  what  they  should 
consist  of  and  how  they  ought  to  be  ohanged. 

Attempts  have  also  been  made  to  trace  the  flow  of  iufoniati  or  through  the  system,  to  discover  how 
and  whether  essential  information  is  delayed  or  distorted,  v:d  to  effect  improvements  and  measure  those 
attained.  fbr  many  purposes,  this  approach  may  be  most  like  j  to  furnish  practical  findings  that  con  bo 
implemented,  but  it  is  highly  empirionl,  doeG  not  usually  root  on  any  firm  theoretical  support,  and 
generally  implies  that  the  whole  exorcise  has  to  be  repeated  following  any  major  recasting  of  the  system, 
since  its  effects  on  the  llow  of  information  may  not  bo  doducible  from  first  principles  and  have  to  be 
measured  once  again, 

A  method  for  the  quantification  of  information  which  has  often  proved  efficacious  in  other  contexts, 
and  has  the  incidental  benefit  of  assessing  the  araoiait  of  redundancy  in  messages  also,  is  the  use  of 
information  theory,  in  which  all  the  information  transmitted  in  converted  to  "bits",  standard  units  of 
information  comparable  to  those  employed  in  digital  computers.  Because  with  this  technique  all  informa¬ 
tion  can  be  converted  to  the  same  units,  comparisons  can  then  bo  trade  in  an  objective  fashion  in  terras 
of  the  relative  efficiency  of  various  channels  in  the  amount  of  information  successfully  tranmittad 
through  them  in  unit  time.  Any  aspects  of  air  traffic  control  messages  which  can  be  converted  to 
quantifiable  digital  form  oon  in  principle  be  treated  in  this  fashion,  though  it  requires  a  great  deal 
of  work  for  highly  skilled  specialists.  The  qualitative  aspects  of  air  traffic  oontrol  messages  ofton 
cannot  be  converted  into  information  theory  terms  with  comparable  precision,  although  information  theory 
does  not  fail  totally  to  toko  account  of  qualitative  information  and  can  make  some  allowances  for  it. 

Even  if  the  effort  is  made  to  try  to  apply  information  theory  to  air  traffic  control  messages,  there 
are  considerable  difficulties  in  interpreting  the  findings  and  in  deciding  what  practical  steps  would 
actually  suooeod  in  improving  the  efficiency  of  air  traffic  control  messages.  The  main  finding  is  that 
there  is  a  great  deal  of  redundancy  in  air  traffio  oontrol  messages.  Many  of  thorn  could  be  pruned  very 
dra3tioally  and  still  in  principle  oonvey  the  same  information.  Technically  much  redundancy  is  present; 
it  does  not  follow  that  there  must  be  benefits  in  reducing  it.  Redundancy  may  be  in  the  form  of 
confirmations  and  repetitions  which  onhanco  safety.  Redundancy  may'  be  in  the  form  of  speech  by  the 
controller  which  sounds  as  if  it  is  little  more  than  waffle  but  is  in  fact  vital,  either  to  give  him 
thinking  time,  or  to  allow  him  to  porform  soma  easentiul  activity  without  being  interrupted  by  other 
pilots  while  ho  is  doing  it.  Tho  application  of  the  concepts  of  information  theory  to  air  traffic 
control  reveals  tho  great  complexity  ol'  air  traffio  control  information  as  well  as  the  high  levels  of 
redundancy  in  much  of  it.  Although  tho  practical  stops  that  should  follow  are  not  always  clear,  the 
techniques  of  information  theory  oan  bo  t llurainating  in  rovoaling  many  of  tho  functions  served  by  air 
traffio  control  moseages,  and  in  pinpointing  their  essential  core  of  indispensible  information.  Also 
the  amount  of  redundancy  lias  to  be  qixuitified  in  some  terms  before  the  need  for  all  of  it  can  be 
ovaluatod. 
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CHAPTER  11 

THE  SELECTION  OF  CONTROLLERS 
11a  TWO  UNRESOLVED  FUNDAMENTAL  ISSUES 

The  presumptions  behind  selection  ore  that  eveiyor.e  is  not  equally  fitted  for  air  traffic  control 
work  and  that  everyone  cannot  be  trained  to  perform  air  traffic  control  tasks  equally  well.  The  aim  is 
to  select  thos-  moot  capable  of  learning  to  become  controllers,  mast  able  after  training  to  do  air 
traffic  control  tasks,  and  most  likely  to  remain  willing  and  able  to  make  air  traffic  control  their 
career.  If  the  wrong  person  is  selected,  much  time,  effort  and  resources  aro  wasted,  and  much  personal 
anguish  may  be  caused  if  an  individial,  perhaps  after  years  of  training,  must  reluctantly  face  the  facts 
that  he  will  novor  become  a  controller,  that  his  years  of  effort  have  boon  wasted,  and  that  the  training 
he  lias  received  does  not  equip  him  for  any  alternative  employment.  Meanwhile  someone  elae,  who  might 
have  been  moro  successful,  lias  been  deprived  of  the  opportunity  to  become  a  controller  and  perhaps  of  a 
successful  air  traffic  control  career.  From  every  point  of  view  therefore,  the  process  of  selecting  tho 
most  appropriate  people  to  become  controllers  should  be  as  fair,  valid  and  successful  as  it  can  possibly 
be. 


Yet  at  tho  heart  of  this  process  are  two  fundamental  issues  which  must  be  taokled  and  resolved 
before  the  selection  process  can  be  optimised  or  substantial  further  progress  in  selection  can  be  made. 
These  issues  have  been  fudged  or  evaded,  partly  because  they  are  difficult  to  deal  with  but  also  because 
thoy  could  have  unwelcome  political  or  administrative  consequences .  The  first  concerns  the  relationship 
between  selection  and  training:  the  second  concerns  attributes  unrelated  to  air  traffic  control  bat 
nevertheless  doomed  essential  in  controllers. 

Put  oversimply,  tho  correct  balance  between  selection  and  training  depends  on  whothnr  controllers 
are  born  or  made .  There  is  no  dispute  that  tho  experienced  controller  relies  heavily  on  his  abilities, 
skills  and  knowledge.  There  is  debate  on  the  respective  roles  of  innate  qualities  and  of  acquired  ones. 

The  argument  that  assigns  more  importance  to  selection  rms  somewhat  as  follows.  A  relatively  rare 
combination  of  innate  abilities  and  attributes  is  an  essential  prerequisite  for  a  good  air  traffic  con¬ 
troller.  Quite  a  small  proportion  of  those  who  apply  to  become  controllers  would  be  oxpected  to  possess 
all  these  abilities  and  attributes.  Many  people  could  novor  become  suooossful  controllers,  no  matter 

what  training  they  receive,  because  they  lack  the  essential  innate  qualities.  If  this  argument  pertains, 
any  successful  soiuotion  procedure  would  be  expected  to  be  elaborate  and  would  reject  a  large  proportion 
of  applicants  but  emerge  with  an  elite,  almost  all  of  whom  could  bo  trained  to  become  controllers  sinoo 
thoy  are  known  from  the  selection  process  to  possess  the  required  combination  of  abilities  and  attri¬ 
butes.  In  those  circumstances,  aolootion  becomes  very  important,  and  failures  at  the  end  of  training 
can  most  readily  bo  ascribed  to  faulty  selection.  A  controller  would  be  successful  primarily  because 
of  his  innate  abilities  and  attributes  which  provide  the  indispensiblc  potential  for  successful  training. 
Tho  main  way  to  raiGe  the  quality  of  controllers  would  be  to  improve  tho  selection  procedures. 

The  contrary  argument  that  assigns  more  importance  to  training  runs  somewhat  as  follows.  The  innato 
abilities  and  attributes  essential  in  a  successful,  controller  are  few  and  prevalent.  Most  people,  with 
above  average  intelligence,  a  reasonable  educational  standard  and  good  physical  and  montsl  health 
especially  in  eyesight,  hearing  and  emotional  maturity,  could  be  trained  to  become  good  air  traffic 
controllers.  Provided  they  meet  these  straightforward  criteria,  few  applicants  need  bo  discarded 
during  selection.  If  this  argument  pertains,  selection  procedures  should  bo  simple  sinoo  thic  will 
suffice  for  tho  fow  essentials,  and  further  specific  attributes  beyond  these  are  unimportant.  Since  most 
people  with  those  general  attributes  could  become  satisfactory  controllers,  selection  itnelf  is  relatively 
unimportant.  The  main  determinant  of  success  at  the  end  of  training  is  tho  training  ituolf,  and  failures 
should  be  ascribed  to  training  rather  than  to  selection.  A  controller  is  successful  primarily  because 
of  what  ho  has  been  taught,  has  learned  and  understood  during  training,  in  the  forms  of  knowledge, 
experience  and  skills.  His  ability  as  a  controller  is  learned.  It  is  net  primarily  a  matter  of  innate 
attributes  or  potential. 

Many  controllers  might  themselves  incline  to  the  view  that  their  innate  abilities  are  important  and 
assign  a  predominant  influence  to  selection.  Other  controllers,  and  perhaps  many  management  staffs  and 
some  human  factors  specialists,  might  support  the  idoa  that  training  is  more  important  and  that  highly 
specific  innate  attributes  aro  not.  Doth  groups  of  protagonists  Slave  to  rely  on  bGlief  and  anecdote  to 
bolster  their  viewu.  Sound  scientific  evidence  doc3  not  exist  because  the  necessary  research  has  not  been 
done.  It  is  overdue.  In  the  meantime,  much  effort  and  resources  may  be  expended  on  the  development  or 
improvement  of  a  selection  procedure  which  bos  little  relevance  to  air  traffio  control;  or  comparable 
effort  and  resources  nay  be  devoted  to  tho  development  and  improvement  of  training,  which  must  ultimately 
be  a  profitless  exorcise  if  the  wrong  people  have  been  selected. 

Work  to  define  the  priorities  and  relationships  between  selection  and  training  in  air  traffic  control 
is  urgently  needod.  Che  possible  conclusion  is  that  much  effort  on  both  selection  and  training  in  air 
traffic  control  is  wasted,  simply  because  suitable  candidates  in  sufficient  numbers  never  apply  to  become 
controllers.  The  attraction  and  recruitment  of  applicants  would  then  take  priority  over  both  selection  and 
training,  an  the  first  human  factors  problem  to  be  solved.  There  aro  gross  national  differences,  and 
sometimes  differences  between  civil  and  military  experience,  in  the  ease  with  which  air  traffic  control¬ 
lers  can  bo  recruited. 

Tho  other  fundamental  unresolved  issue,  eftor.  particularly  applicable  to  military  air  traffic  control, 
ic  the  confounding  of  the  selection  of  controllers  with  tho  selection  of  future  military  officers, 
manaf^rs  or  programmers.  In  effect,  the  individual  must  satisfy  more  than  one  separate  »elootion  prooe- 
dure.  The  attributes  needed  for  success  in  one  may  bear  little  relationship  to  thoso  needed  for  success 
in  another.  When  thoso  who  satisfy  ono  selection  procedure  are  rejocted  because  they  fail  in  a  separate 
one,  this  reduces  the  supply  of  eligible  candidates,  sometimes  drastically,  and  complicates  the 
validation  of  each  procedure.  This  can  m3ult  in  muddlo. 


Controllers  commonly  contend  that  those  who  manage  them  fail  to  understand  them  but  that  if  all 
management  staffs  were  drawn  from  experienced  controllers  their  needs  would  be  adequately  understood.  In 
practice,  this  doe3  not  follow.  Those  appointed  to  management  posts,  where  they  havo  to  take  account  of 
fiscal,  political,  procedural,  and  other  constraints  which  the  controllers  themselves  remain  unaware  of 
and  do  not  wish  to  be  associated  with,  often  seem  to  their  erstwhile  colleagues  to  desert  their  former 
air  traffic  control  interests  and  loyalties  as  they  settle  into  their  new  roles.  The  managerial  jobs 
are  different,  as  are  the  attributes  needed  to  do  thorn  well.  A  practical  consequence  is  that  a  selection 
procedure  desifjned  only  to  choose  the  best  possible  controllers  would  almost  certainly  differ  from  one 
designed  to  chose  individuals  who  could  bo  both  successful  controllers  and  future  managers  of  controllers, 
or  one  to  choose  individuals  who  could  bo  both  controllers  and  programmers.  This  issue  of  the  exact 
requirements  of  selection  in  air  traffic  control  needs  to  he  faced  and  resolved. 

11b  SUPPLY  AND  DEMAND 

The  nature  of  the  selection  process  must  depend  greatly  on  the  public  image  of  air  traffic  control 
as  a  profession,  and  the  consequent  wi  llingness  of  people  to  apply  to  become  controllers.  If  no-one 
can  be  recruited,  the  question  of  selection  does  not  arise.  If  the  only  applicants  are  obviously  inap¬ 
propriate,  it  still  does  not  arise.  The  mo3t  urgent  problem  then  concerns  recruitment  policy  and  the 
reasons  wly  air  traffic  control  is  so  unattractive.  The  greater  the  number  of  applicants,  the  greater 
the  need  for  selection.  The  greater  the  number  of  applicants  who  all  meet  or  exceed  the  minimum  agreed 
standards,  the  more  refined  the  selection  procedures  must  become  to  distinguish  the  most  suitable  candi¬ 
date  from  others  who  may  bo  nearly  but  not  quite  as  suitable.  Air  traffic  control  has  an  additional 
selection  problem,  in  well  qualified  applicants  who  wish  to  become  controllers  but  who  nevertheless  see 
air  traffic  control  as  second  best,  having  failed  an  aircrew  selection  procedure. 

The  supply  of  applicants  may  bo  curtailed  if  numerous  candidates  are  rejected  on  grounds  irrelevant 
to  air  traffic  control.  The  lack  of  prospective  managerial  or  software  writing  skills  provides  a  few 
examples.  Muoh  more  common  are  poor  officer  qualities  among  candidates  for  military  air  traffic  control. 
This  constraint  can  become  serious  enough  to  convert  an  adequate  supply  of  candidates  into  an  inadequate 
supply.  A  measure  of  the  problem  could  be  obtained  by  disentangling  the  reasons  for  rejecting  individual 
applicants.  The  need  for  controllers  to  he  officers  is  an  emotive  and  contentious  issue  that  cannot  be 
avoided  if  it  is  blocking  adoquate  recruitment. 

When  the  number  of  air  traffio  control  applicants  who  meet  the  basic  criteria  far  exceeds  the  numb  -  r 

required,  a  two  stage  procedure  may  have  to  be  implemented  as  a  practical  necessity  when  the  costs  and 

resources  neodad  to  put  all  candidates  through  the  full  selection  procedure  would  bo  prohibitive.  The 
first  seleotion  stage,  often  based  on  the  information  obtained  from  application  forms,  must  be  straight¬ 
forward  to  achieve  its  objective  of  a  substantial  reduction  in  the  number  of  candidates,  but  if  it  is 
cursory  or  invalid  it  may  inadvertently  reject  many  of  the  best  candidates,  a  deficiency  which  cannot  be 
subsequently  remedied.  It  is  therefore  important  to  establish  the  true  validity  of  the  first  stage  of 
any  two  stage  seleotion  procedure.  A  corollary  is  that  the  content  of  the  initial  application  form  may 
have  to  be  revised  drastically,  and  perhaps  expanded,  if  it  may  bo  used  not  only  to  establish  that  eaoh 

candidate  meets  the  basic  general  criteria,  suoh  as  age,  health,  education,  etc,  but  also  to  permit  a 

preliminary  sift  of  the  candidates  apparently  best  qualified. 

Selection  is  complicated  by  fluctuating  demands,  particularly  if  they  are  unpredicable  or  sudden. 
Various  allowanoos  can  normally  be  made  when  predicting  future  demands.  These  include  the  proportion 
of  candidates  who  will  complete  their  training  successfully,  the  prevailing  or  predicted  attrition  rates 
among  controllers,  predictable  retirements,  changes  associated  with  the  opening  or  expansion  of  control 
facilities  and  towers  or  the  closure  of  existing  ones,  changes  in  manning  levels  becauso  of  new  equipment, 
procedures,  traffic  demands  or  policies  on  hours  of  work,  rostering  or  grading,  changes  in  training  and 
retraining  commitments,  and  so  on.  Because  of  the  length  of  training,  and  because  newly  licenced 
controllers  cannot  fulfil  all  air  traffic  control  jobs  without  further  experienoo,  predictions  of 
expected  demand  have  to  bo  made  several  years  ahead.  Suoh  predictions  aro  usually  quite  accurate,  oxcept 
when  unusual  circumstances  intervene,  most  commonly  in  the  1  rm  of  such  gross  changes  in  national  polioy 
os  a  total  ban  on  reoruitment.  On  the  basis  of  expected  dc  aid,  training  courses  are  planned  in  terms 
of  their  frequency  and  the  numbers  on  each  course.  Supply  nd  demand  are  matched  as  closely  as  possible 
so  that  there  should  neither  be  trained  controllers  for  whom  there  is  no  work,  nor  insufficient  controllers 
to  provide  a  full  air  traffic  control  service. 

Wherever  possible,  the  balance  between  supply  and  demand  iB  smooth,  so  that  the  requirements  for 
training  are  fairly  constant  over  short  poriods  and  the  organisation  of  training  can  thus  be  more 
effioient.  This  smoothing  also  means  that  the  probability  of  a  candidate’s  acceptance  or  rejoction 
should  not  fluctuate  grossly  over  short  time  periods  for  roasons  that  are  irrelevant  to  him  and  are 
beyond  his  control.  The  aim  is  to  make  the  selection  oriteria  and  standards  as  consistent  as  possible 
so  that  all  candidates  selected  meet  them  but  the  borderlino  between  acceptance  and  rejection  changes 
only  slowly  if  at  all.  Ideally  the  seleotion  oriteria  are  held  constant  and  fluctuations  in  demand  that 
cannot  be  smoothed  away  are  countered  by  variations  in  suoh  factors  as  recruitment  publicity. 

The  most  serious  consequence  of  gross  changes  in  demand  at  short  notice  occurs  when  there  are  also 
reoruitment  difficulties.  The  only  way  to  obtain  a  sufficient  supply  of  candidates  for  training  is  to 
lower  the  seleotion  standards.  Whether  the  seleotion  oriteria  are  specific  or  general,  and  employ  many  or 
few  assessments,  if  they  have  validity  it  is  self-defeating  to  lower  them:  the  result  may  bo  the 
rejection  of  a  higher  proportion  during  training,  the  prolongation  of  training,  or  the  licencing  of  less 
able  or  less  safe  controllers,  none  of  whioh  are  desirable  consequences.  However  if  the  seleotion 
oriteria  were  initially  poor  and  of  dubious  validity,  little  extra  penalty  may  be  incurred  by  lowering 
them. 


Once  the  vagaries  of  supply  and  demand  have  been  reconciled,  if  necessaiy  by  including  nn  initial 
selection  on  the  basis  of  the  contents  of  the  application  form,  the  full  scale  selection  procedure  is 
followed  with  a  sufficient  number  of  candidates  to  yield  the  numbers  ultimately  required,  allowing  for 
known  or  estimated  attrition  rates  for  eveiy  reason  at  eaoh  subsequent  stage  between  seleotion  and  full 
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licenced  or  journeyman  status  a-  an  air  traffic  controller.  These  subsequent  stages  include: 

(1)  Candidates  who  pass  the  selection  procedure  but  do  not  present  themselves  for  training. 

(2)  Candidates  who  fail  or  leave  at  some  time  during  training. 

(3)  Candidates  who  fail  at  the  end  of  training. 

(4)  Candidates  who  complete  training  successfully  but  never  practice  as  controllers, 

(5)  Candidates  who  start  to  practice  as  controllers  but  leave  for  any  reason  before  they  have 
become  fully  experienced  and  fully  independent  as  controllers. 

The  later  the  stage  at  which  individuals  fail  or  leave,  the  larger  the  resources  devoted  in  vain  to  them, 
tha  greater  the  benefits  if  they  had  never  been  selected,  and  the  more  difficult  the  decision  to  leave 
for  each  individual.  A  productive  role  for  the  human  factors  specialist,  especially  if  he  is  seen  a& 
impartial  and  independent,  is  to  conduct  formalised  interviews  with  those  who  leave  to  explore  their 
reasons  for  doing  so. 

11c  THE  lum'm CATION  OP  RELEVANT  ATTRIBUTES 

The  first  stage  in  devising  any  sal*  ction  procedure  is  to  oxamine  current  and  future  tasks  >a  terms 
of  the  human  qualities  which  are  or  may  oe  relevant  to  their  successful  performance,  just  as  job  des¬ 
criptions  and  task  analyses  are  needed  to  specify  the  equipment  and  the  workspace,  so  they  are  also 
needed,  in  conjunction  with  evidence  about  the  workspace,  the  equipment  and  working  condi  ..ions,  to 
determine  relavant  attributes  in  selection,  and  to  guide  the  planning  and  implementation  of  training. 

The  evolution  and  proving  of  a  valid  selection  procedure  involves  a  great  deal  of  careful  arid  painstaking 
human  factors  work,  much  of  which  is  comparatively  routine  in  the  sense  that  it  requires  the  application 
of  known  and  proved  procedures  and  techniques,  rather  than  innovative  or  radical  ideas  which  may  3ound 
more  valid  than  they  are-  dome  selection  techniques  which  possess  face  validity  (so  that  their  predictive 
value  for  air  traffic  control  seems  plausible  both  to  selectors  and  to  candidates)  may  lack  true 
validity?  evidence  of  validity  must  therefore  depend  on  much  more  than  commonscnse .  Selection  techni¬ 
ques  which  employ  interviews  need  to  incorporate  defined  dimensions  for  assessment,  and  hot  roly  oji 
hunches  and  ill-defined  non-epecil'ic  impressions,  whether  favourable  or  not. 

Many  kinds  of  attribute  may  bo  sought  in  selection.  Soma  refer  directly  to  aspects  of  task 
performance,  such  aa  manual  dexterity  and  verbal  fluency.  Others  concorn  mental  attributes  such  as  a 
quick  appreciation  of  problems,  a  good  well  organised  memory,  a  high  level  of  inte 1 ligence,  or  the 
ability  to  reason,  to  predict  or  to  deduce.  Others  concern  the  organisation  of  mental  attributes  -  the 
propensity  to  be  distracted,  the  ability  to  time  share  tasks  effectively,  the  choice  and  management  of 
available  resources,  or  the  ability  to  judge  how  important  and  urgent  each  problem  is.  Others  are  more 
social  attributes,  such  as  the  ability  to  work  collaborative ly  as  an  effective  member  of  a  closely 
intograted  team,  the  insight  to  judge  when  others  should  be  consulted  and  whon  they  need  not  be,  the 
ability  to  listen  to  speech  by  R/T,  telephone  or  colleagues,  the  acceptance  of  tho  nood  for  rules, 
conventions  and  standards,  and  tho  willingness  and  ability  to  absorb  and  subscribe  to  the  ethos  of  air 
traffic  control  as  a  profession  and  to  act  accordingly  to  bo  fully  aoc»'ptablo  as  a  colleague.  Htili 
othcrB  deal  with  physical  attributes  of  individuals  such  as  adequate  colour  vision,  eyesight  which  can 
reach  required  operational  standards  if  nocessary  after  correction,  good  hearing,  fitness,  and  emotional 
otability.  Other  individual  attributes  include  being  within  acceptable  ago  limits,  not  being  addicted 
to  drugs  or  alcohol,  not  being  exceptionally  tall,  short  or  obese,  and  possessing  the  required  educa¬ 
tional  qualifications.  Sometimes  a  furthor  attribute  that  is  sought  is  experience,  knowledge  or 
stated  interest  in  aviation  in  general  or  air  ti’affic  control  in  particular.  '  long  list  of  attributes 
can  be  compiled.  Although  there  is  a  core  of  essentials  (reasonably  high  intelligence f  minimum 
educational  quali i ications ;  adequate  mental  health;  adequate  physical  health,  vision  and  hearing; 
physical  fitness;  appropriate  age;  etc),  there  are  considerable  national  differences  in  tho  attributes  of 
controllers  which  receive  most  emphasis  in  selection  and  in  tho  forms  of  assessment  employed  in  tho 
selection  itself.  Biographical  data,  interviews,  tests,  and  simplified  air  traffic  control  tasks  are  the 
commonest  methods  for  obtaining  the  basic  data  used  in  ee lection. 

In  air  traffic  control,  selection  is  of  controllers  as  such,  rather  than  of  a  controller  of  a 
particular  type,  except  that  civil  and  military  selection  criteria  and  procedures  may  differ.  Generally 
as  lection  is  not  used  much  to  prejudge  the  kind  of  air  traffic  control  for  which  the  individual  is  best 
suited.  In  countries  where  the  training  of  all  controllers  is  relatively  standard,  it  makos  good  sense 
to  use  training  rather  than  selection  as  u  guide  to  the  allocation  of  controllers  to  appropriate  jobs  on 
comp let  ion  of  their  training,  rather  than  to  prejudge  their  job  when  they  are  selected.  However  in 
countries  where  controllers  are  recruited  mainly  for  particular  facilities  from  the  outset,  it  may  bo 
advisable  to  question  tho  universal  applicability  of  a  single  selection  protocol  for  this  purpose.  it  is 
reasonable  to  expect  that  a  proven  and  validated  selection  procedure  should  not  only  select  good  control¬ 
lers  but  should  also  indicate  the  kind  0"  air  traffic  control  moot  appropriate  for  each  individual. 

If  a  selection  procedure  is  baoed  on  a  thorough  analysis  of  tacks,  equipment,  workspace,  facilities, 
re8ponsi bi li tioo ,  and  conditions  of  employment,  a  relatively  short  list  of  testable  attnbutoc  of 
predictive  relevance  is  likely  to  emerge  ao  a  basis  for  validation.  An  alternative  approach,  based  on  a 
different  poroeptior.  of  how  scientific  methodo  should  be  applied  to  selection,  may  also  be  adoptod:  this 
involves  far  less  finesse  and  insight,  more  resources  and  testing  time,  ions  human  factors  commitment, 
and  more  at  at  inti  cal  computation.  It  requires  the  measurement  of  almost  et'iry  conceivable  attribute  that 
can  be  quantified  and  correlated  with  air  traffic  control  proficiency,  whether-  or  r.ot  there  1  c;  any 
logical  basis  for  linking  the  two  or  any  rational  cr  theoretical  connection  between  them.  Methods  akin 
to  this  have  in  fact  been  adopted.  The  advantage  is  that  any  factor1  with  predictive  value  10  unlikely  to 
be  trussed.  A  disadvantage  is  that,  at  least  initially,  n  few  factors  may  oeum  si^ii'icant  by  pure  chance. 
Also,  correlations  may  be  mistaken  for  causes,  or  tho  imputed  direction  of  a  causal  connection  may  bo  the 
reverse  of  the  true  one.  The  justification  for  the  prodictive  value  of  a  relationship  may  be  puruly 
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empirical,  a  mathematical  correlation  with  no  feasible  explanation.  A  measurement  may  then  be  employed 
because  it  eeems  to  predict,  although  no-one  knows  why. 

The  more  this  latter  approach  is  adopted,  the  more  scope  there  ie  for  the  intercorrelation  of 
measures,  to  establish  whioh  are  independent  of  each  other  and  which  appear  to  be  different  measures  of 
the  same  thing.  Some  overlap  among  measures  is  always  expected,  ouch  as  a  relationship  between  general 
intelligence  and  educational  qualifications.  The  intercorrclation  of  measures  is  encouraged  by  the 
development  of  automated  methods  for  comparing  the  variables  within  a  stored  data  bank,  although  the  work 
required,  to  gather  the  data  can  be  formidable,  and  there  is  the  risk  of  invalidating  some  measures  by 
trying  the  candidates'  patience  too  far,  particularly  in  the  absence  of  face  validity. 

It  is  debatable  how  far  .human  faotora  should  become  involved  in  exploratory  work  on  the  correlation 
of  variables  where  predictions  depend  solely  on  mathematical  relationships  devoid  of  poychologioal 
insight,  explanation  or  theoretioal  justification.  This  kind  of  approach  can  lead  to  muddled  thinking. 
Efficiency  as  a  controller  may  be  correlated  positively  or  negatively  with  numerous  factors,  but  to  con¬ 
tend  that  all  such  factors  must  in  prinoiple  have  predictive  value  for  scleoting  controllers  ie  fallacious, 
itor  example,  some  of  the  measured  attributes  may  have  been  caused  by  being  a  controller!  if  those  who 
failed  had  been  selected  instead  they  too  would  have  evinced  the  same  correlated  relationshipe. 

Ago  is  important  in  selection.  In  many  countries  there  ha3  been  a  change  of  policy  so  that  older 
people,  no  matter  what  their  qualifications  and  experience,  are  not  eligible  for  selection  as  controllers. 
At  one  time  ex-aircrew  with  many  years  of  experience  were  eligible,  but  their  attrition  rates  and  failure 
rates  during  training  proved  too  high.  The  maximum  ago  now  for  recruitment  iB  usually  between  23  and  30 
with  a  minimum  age  of  between  17  and  21  .  There  may  also  be  a  minimum  legal  age  at  whioh  a  controller 

can  take  solo  responsibility.  The  interacting  effects  of  age  and  of  experience,  whioh  tend  to  act  in 
opposite  directions,  are  complex  to  disentangle  ^4,  it  certainly  becomes  more  difficult  to  train  a 
controller  as  he  gets  older,  and  his  peak,  without  allowing  for  the  factor  of  experience,  ooours  on 
average  when  ho  is  quite  young,  around  thirty.  Thereafter,  increased  experience  may  counteract  the 
effects  of  age:  the  extent  to  whioh  it  does  so  varies  greatly  between  individuals.  Some  show  little  or 
no  deterioration  in  their  ability  as  controllers  for  many  years;  3ome  burn  out  when  quite  young,  for 
reasons  whioh  are  often  obsouro,  but  whioh  are  sought  from  time  to  time  with  a  view  to  incorporating 
measures  of  them  during  initial  aeleotlon  if  possible.  It  may  beoome  more  difficult  for  an  older  con¬ 
troller  to  adapt  uuooosafully  to  evolutionary  or  revolutionary  changes  in  the  design  and  operation  of  the 
air  traffio  control  system,  because  he  cannot  learn  new  skills  as  well  as  he  could  when  younger,  und 
because  ho  cannot  break  old  habits  so  easily  and,  being  older  and  more  experienced,  ho  has  more  old 
habits  to  brook. 

lid  PSYCHOLOGIC Ah  TESTS 

In  principle,  appropriate  poychologioal  tests  should  prove  useful  and  valid  in  the  selection  of  air 
traffio  controllers.  In  praotico,  numerous  tests  have  been  tried  in  different  countries  at  various 
times,  Cki  the  wholc^  psychological  tests  have  not  fulfilled  their  promise  in  air  traffio  control  assess¬ 
ments.  They  have  not  failed,  but  their  predictive  value,  though  positive,  lias  generally  boon  low. 

Efforts  to  deviae  and  validate  suitable  single  tests  or  teat  batteries  continue,  in  the  belief  that 
further  improvements  in  selection  should  still  be  attainable  if  only  tho  right  teats  could  be  found  or 
constructed.  Tho  most  extenaive  work  on  the  selootion  of  air  traffic  controllers  using  psychological 
teats  has  been  done  in  the  United  States;  fortunately  a  historical  account  of  tho  main  research  programme 
has  recently  appeared1’?  , 

The  psychological  test  with  the  best  prediotive  value  at  an  initial  stage  of  selection  in  air  traffic 
control  is  likely  to  be  a  test  of  general  inteiiigenoe,  but  this  kind  oX’  test  is  not  used  extensively 
perhaps  because  it  would  tend  to  duplicate  the  ovidonce  from  other  oriteria  such  as  educational  attain¬ 
ments.  The  faot  remains  that  controllers  must  be  of  above  average  intelligence,  probably  with  a  minimum 
IQ  of  115  or  thereabouts,  so  that  for  purposes  of  initial  selection  a  test  of  general  intelligence,  with 
its  wall  established  norms  and  often  with  procedures  for  automated  scoring,  is  not  to  be  disparaged. 
Although  tho  requirement  for  minimum  educational  qualifications  may  in  some  respects  ovorlap  with  that 
for  intelligence,  the  prediotive  value  of  a  test  of  general  intelligence  may  be  commensurate  with  that  of 
educational  attainment  for  initial  selection.  Thereafter,  intelligence  may  be  a  poor  guide.  Those  with 
the  highest  intelligence  may  not  neoesaari  ly  prove  to  bo  the  b  .ot  controllers;  in  the  united  States  those 
with  the  highest  educational  attainments  are  certainly  not  the  best  controllers  1’“.  Thru  raises  the 
question  of  why  most  countries  continue  to  ohooso  applicants  with  educational  qualifications  far  above 
the  minimum,  when  there  appears  to  be  no  evidence  to  justify  this  practice. 

Deductions  from  the  nature  of  air  traffio  control  tasks  suggest  numerous  testable  attributes  likely 
to  be  advantageous  in  a  controller,  and  therefore  worth  considering  in  air  traffic  control  selection. 

These  include  tho  following:  numerical  ability,  arithmetical  reasoning,  verbal  fluency,  abstract  reason¬ 
ing,  spatial  reasoning,  directional  judgements,  dial  reading,  analogies,  and  manual  dexterity.  Hesearoh 
on  the  prediotive  value  of  these  and  other  attributes  has  extended  over  more  than  twenty  years.  There  are 
difficulties  in  establishing  their  true  validity,  beoauao  many  independent  oriteria,  eseential  for 
validation,  may  themselves  lack  both  objectivity  and  validity,  but  this  difficulty  is  not  confined  to 
psycho  logical  teats  for  it  applies  with  equal  force  to  any  alternative  selection  procedure  whioh  might 
replace  them.  Even  00,  the  prediotive  value  of  psychological  teste  in  air  traffio  control  seleotion 
hovors  above  tho  borderline  between  usefulness  and  irrelevance.  For  most  testB,  it  is  not  so  low  that  the 
test  oar.  be  dismissed  out  of  hand  as  having  nothing  to  offer,  nor  so  high  that  it  can  be  included  perman¬ 
ently  in  a  seleotion  procedure  with  confidence.  The  prediotive  value  of  several  tests  collectively  can 
be  better  than  that  of  any  one  test,  especially  with  weightings  to  maximise  the  validity  of  tho  testa 
colloctively,  but  as  oaoh  further  test  is  added  to  the  test  battery,  the  extra  prediotive  value  that  each 
tost  addo  diminishes  until  a  point  is  reached  where  the  time  and  effort  requirod  to  administer,  score 
end  interpret  the  test  are  not  repaid  by  a  worthwhile  improvement  in  prediotive  value  of  the  battery  as 
a  whole. 

Because  of  the  basic  requirements  whioh  must  be  satisfied  by  any  individual  boforo  ho  or  she  can  be 
eligible  for  seleotion  os  a  controller,  the  sample  to  whom  the  seleotion  tests  for  air  traffio  oontrol 
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are  administered  is  far  more  homogeneous  than  the  general  population,  and  the  differences  between  indivi¬ 
duals  in  the  dimensions  pertinent  to  selection  are  already  small  and  circumscribed.  As  a  consequerioe, 
any  measure  which  can  differentiate  reliably  between  individuals  in  the  sample  must  itself  be  highly 
sensitive,  reliable  and  valid.  It  is  inevitable  that  coefficients  between  test  scores  and  criterion 
measured  must  oe  lowered  by  this  restriction  of  range.  Nevertheless  a  valid  selection  teat  must  still  be 
satisfactory  within  these  constraints,  which  are  not  confined  to  tests.  Perhaps  what  is  needed  is  greater 
insight  and  skill  in  devising  pay oho logi oal  tests  sensitive  enough  to  be  effective,  since  the  results  to 
date,  while  disappointing  in  their  immediate  practical  value,  offer  sufficient  encouragement  to  suggest 
that  valid  tests  could  be  devised  with  persistence. 

Sore  problematical  is  the  place  of  the  personality  test  in  air  traffic  control  selection.  Its  role 
hitherto  has  been  as  a  diagnostic  olinioal  tool,  to  deteot  individuals  about  whom  fuller  data  should 
be  gathered.,  rather  than  as  a  test  in  its  own  right  or  as  one  of  a  battery  with  a  scoring  criterion  or 
cut-off.  A  personality  profile  or  pattern,  or  the  avoidance  of  extreme  personality  scores,  has  been 
sought,  but  not  assessments  on  dimensions  likely  to  have  speoific  significance  for  air  traffic  control, 
let  there  would  seem  to  be  oorp.o  measurable  personality  dimensions  as  potentially  relevant  to  the  selec¬ 
tion  of  controllers  as  the  more  familiar  cognitive,  motor  and  skill  attributes.  Perhaps  a  controller 
should  be  able  to  work  effectively  as  a  member  of  a  team,  bo  emotionally  sts.ble  and  not  become  over 
involved,  be  able  to  tolerate  and  remain  unaffected  by  stress,  be  able  to  roach  and  abide  by  decisions, 
and  even  be  somewhat  obsessional  in  following  rules  and  procedures  faithfully.  While  it  is  unlikely  that 
a  single  optimum  personality  profile  for  controllers  can  be  specified,  nevertheless  dimensions  which  lock 
particularly  apposite  seem  worth  exploring  further.  Different  measures  of  personality,  such  as  the 
classification  into  type  A  and  type  B  personalities,  have  been  taken  to  try  and  predict  the  individual 
controller's  propensity  to  show  symptoms  of  stress,  but  the  common  finding  in  other  professions,  that  the 
type  A  personality  -  the  ebullient,  thrusting,  highly  active  and  highly  motivated  person  with  ambitious 
goals  -  is  more  susceptible  to  stress,  has  not  been  replioated  among  controllers,  for  reasons  which 
await  a  satisfaotoxy  explanation1^. 

<hie  teatablo  factor  of  relevance  which  has  emerged  .tore  reoently  and  may  be  partinent  to  air  traffic 
control  concerns  the  ability  to  share  tasks.  There  is  some  evidence  of  the  independent  existence  of  such 
a  factor,  regardless  of  the  nature  of  the  tasks  being  shared,  though  not  of  how  extensive  it  may  be  in 
each  individual.  It  is  not  yet  known  whether  an  individual's  apparently  enhancod  tank  sharing  ability  in 
some  tasks  applies  to  everything  he  does.  The  ability  to  remain  aware  of  the  general  situation  and  of 
other  pending  problems  no  matter  how  demanding  a  specific  problem  may  become,  is  clearly  relevant  to  air 
traffic  control.  Attempts  are  made  to  instill  it  during  training.  To  some  extent,  the  ouocoso  or 
failure  of  these  attempts  may  be  predictable  in  terms  of  this  task  sharing  ability. 

In  considering  the  role  of  psychological  tests,  it  is  fair  to  conclude  that  their  status  in  air 
traffio  control  selection  is  broadly  comparable  to  their  status  in  other  contoxto.  Some  measures, 
notably  those  ooncomed  with  personality,  have  been  devised  originally  for  application  to  olinioal  rather 
than  occupational  problems;  a  personality  test  specially  deviBod  for  occupational  use  would  probably' 
offer  better  proBpeots  of  practical  utility  and  validity.  Social  and  legal  attitudes  towards  psychologi¬ 
cal  teats  have  changed  in  some  countries  in  ways  which  affect  air  traffic  control  applications,  so  that 
the  social  context  within  which  the  psychological  tests  were  originally  devised  lias  been  replaced  by 
new  and  more  questioning  sooial  attitudes  towards  them,  to  which  the  psychological  tests  must  adapt  so 
that  they  can  survive.  The  future  of  psychological  tasting  in  general  is  currently  a  matter  of  debate 
and  reappraisal. 

11a  THE  ROLE  OP  AIR  TRAFFIC  CONTROL  TASKS  AND  KNOWLEDGE 

Whereas  tho  employment  of  psychological  tests  for  the  selection  of  air  traffic  controllers  examines 
attributes  which  occur  generally  in  human  beings  but  are  thought  to  have  a  particular  relevance  to  air 
traffio  control  although  the  tests  of  them  were  not  originally  designed  as  air  traffic  control  measures, 
simplified  air  traffic  control  tasks  are  intended  specifically  for  air  traffio  control  selection.  They 
rarely  have  norms  for  the  general  population  but  only  for  controllers  but  they  attempt  to  measure 
directly  some  attribute  of  air  traffic  control,  usually  in  a  rudimentary  form  and  disentangled  from  its 
air  traffio  control  context  so  that  the  simplified  task  can  be  done  by  a  candidate  with  no  knowledge  of 
real  air  traffic  control.  These  simplified  tasks  generally  possess  high  face  validity  in  that  they  seem 
sensible  arid  plausible  to  candidates.  Two  distinct  kinds  of  tasks  can  be  distinguished J  one  concerns 
knowledge  or  experience  of  aviation,  air  traffic  control  or  particular  air  traffic  control  funotions;  the 
other  requires  the  actual  performance  of  tasks  based  on  aspects  of  air  traffio  oontrol  or  ostensibly 
derived  from  it. 

When  air  traffic  control  began,  many  of  the  people  who  became  controllers  had  aircrew  experience.  It 
seemod  logical  that  a  knowledge  of  flying  and  of  tho  tasks  of  aircrew  would  be  helpful  in  a  controller 
in  charge  of  air  traffic.  For  a  long  time,  the  practice  persisted  of  favouring  in  tho  selection  of 
controllers  those  with  aviation  experience  of  some  kind.  In  some  countries  this  practice  was  endorsed  as 
national  policy.  Over  the  years  the  evidence  has  gradually  accumulated  that  the  only  previous  aviation 
experience  which  confers  sufficient  advantage  to  be  included  in  selection  procedures  for  controllers  is 
previous  experience  as  an  air  traffic  controller.  Experience  or  knowledge  of  other  aspects  of  aviation, 
including  flying  exporionce,  oonfers  no  benefits.  Obviously,  the  more  experience  a  man  has  had,  the 
older  he  is  likely  to  be  when  he  applies  to  become  a  controller  and  so  age  might  be  a  confounding  factor 
in  thiB  finding;  but  even  when  full  allowance  is  made  for  nge,  the  finding  still  remains  the  same.  The 
scientific  i  upport  for  the  inclusion  of  any  teste  of  aviation  knowledge  and  skills  in  selecting  control¬ 
lers  is  at  best  very  tenuous,  although  its  face  validity  is  high  and  it  seems  so  reasonable.  The  burden 
of  proof  should  therefore  rest  with  those  who  advocate  its  inclusions  there  is  ample  evidence  that  it 
does  not  contribute  usefully  to  the  selection  of  controllers. 

It  is  important  that  this  point  is  not  confused  with  an  apparently  Bimilur  one.  It  is  not  being 
nrgued  that  the  controller  does  not  need  to  learn  about  other  aspects  of  aviation  during  training,  includ¬ 
ing  flight  deck  experience  and  perhaps  obtaining  his  private  pilot's  licence.  This  is  on  osuentiul  part 
of  his  professional  knowledge  and  he  muot  therefore  be  well  versed  in  it.  The  point  is  that  if,  for 
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whatever  reasons,  he  knows  about  this  beforehand  it  does  not  increase  the  probability  that  he  will 
become  a  good  controller,  and  ha  should  not  -therefore  be  selected  on  that  basis  unless  he  has  previous 
direct  experience  a3  an  air  traffic  controller. 

Seleotion  procedures  for  controllers  have  often  included  one  or  more  teste  representing  air  traffic 
control  problems,  generally  but  not  always  in  static  form.  The  task  has  usually  been  to  determine 
whether  a  depicted  situation,  or  proposed  changes  in  it,  would  violate  specified  rules,  usually  concerned 
with  separation  standards  expressed  as  times  or  distances,  with  conflict  detection  or  resolution,  or  with 
sequencing  or  flow  control.  The  general  experience  with  these  air  traffio  control  tests  has  been  much 
the  same  as  that  with  the  psychological  tests:  they  have  enough  predictive  value  to  be  seriously  con¬ 
sidered  for  inclusion  in  a  seleotion  battery  for  controllers,  and  sometimes  Blightly  more  predictive 
value  than  psychological  tacts  have,  but  they  do  not  have  so  muoh  prediotive  value  as  their  face  validity 
might  lead  one  to  expect.  The  impression  remains  that  this  aspeot  of  selection  meritB  re-examination  at 
the  present  time,  particularly'  with  respect  to  the  use  of  micro-computers  to  generate  simple  dynamic 
tasks  which  can  be  presented  and  scored  automatically  at  veiy  low  cost.  These  micro-computers  offer  high 
face  validity,  and  great  flexibility  in  the  generation  and  validation  of  suitable  air  traffic  control 
material. 

A  further  use  of  air  traffic  control  tasks  in  selection  might  be  to  facilitate  the  allocation  of 
these  selected.  A  it  ho  ugh  extensive  efforts  have  been  made  to  try  to  provide  guidance  from  the  seleotion 
procedure  itself  on  the  kind  of  air  traffio  control  jobs  for  whioh  each  candidate  may  be  most  suited, 
only  limited  progress  has  been  made,  and  much  of  that  has  been  in  the  form  of  different  proposed  out-off 
points  in  test  scores  for  various  options^®.  This  too  would  seem  to  be  an  aspeot  of  selection  on  which 
definitive  work  might  yet  be  done. 

Although  aviation  interest,  particularly  an  interest  in  aircraft  art  flight,  has  been  dismissed  as 
a  useful  major  contribution  to  seleotion  procedures  for  controllers  for  lack  of  supporting  evidence, 
there  may  nevertheless  be  a  case  for  treating  it  seriously.  An  interest  in  aviation  as  such  may  not 
affeot  a  controller's  ability  but  might  well  affect  his  motivation,  hiB  attitudes,  and  his  toleranoe  of 
air  traffio  control  work.  In  particular'  an  interest  in  aviation  may  sustain  his  alertness  and  the  belief 
that  he  is  doing  a  worthwhile  job  throughout  the  long  hours  when  he  is  on  duty  but  there  is  very  little 
work  for  him  to  do.  While  he  waits,  the  man  with  aviation  interests  may  have  greater  satisfaction 
because  he  is  doing  a  job  that  is  intrinsioally  interesting  to  him,  especially  if  he  is  in  the  surround¬ 
ings  of  a  tower,  whore  the  runways,  taxiways,  aprons,  airport  buildings  and  parked  aircraft  may  have 
some  fascination  for  him.  If  such  a  boon  can  come  from  an  abiding  interest  in  aviation,  it  may  well  be 
worth  having. 

Ilf  THE  VALimn  ANjD  HE  Li  ABILITY  OF  SELECTION  PROCEEUKES 

A  recurrent  theme  in  attempts  to  devise  any  selection  procedure  for  controllers  is  the  difficulty  in 
eetablishing  criteria  for  its  validation.  Some  independent  definition  of  the  attributes  of  a  good  air 
traffio  controller  is  required  in  order  to  gauge  whether  the  selection  procedure  is  providing  them. 
Preferably  the  validation  criteria  should  be  sensitive  enough  to  permit  oorreot  decisions  on  whether  a 
change  in  the  selection  procedure  has  been  banefioial  and  on  the  prospects  that  further  worthwhile 
improvements  in  the  selection  procedure  may  be  attainable.  The  notion  of  a  good  air  traffio  controller 
is  at  best  a  nebulous  concept,  whioh  beoomes  even  more  elusive  with  efforts  to  express  it  in  quantitative 
measurable  terms  for  validation  purposes. 

The  main  sources  of  oriteria  for  validating  an  air  traffic  control  selection  procedure  include  the 
following: 

(1)  Progress  during  training,  as  measured  by  assessments,  tests  and  instructors*  judgements. 

(2)  Final  assessment  and  initial  allocation  at  the  end  of  training. 

(3)  Supervisors*  assessments  of  or.^the-job  performance. 

(4)  Peer  ratings  of  on-the-job  performance. 

(5)  Career  advancements,  promotions,  and  responsibilities. 

(6)  incidents  that  lead  to  investigations  or  official  enquiries. 

(7)  Participation  in  reireoher  or  retraining  courses,  and  the  attainment  of  additional  professional 
qualifications. 

(8)  Attrition  rates,  and  reasons  for  leaving. 

It  is  usual  to  ohoose  a  few  of  those  souroes  and  amalgamate  them  in  some  way  to  derive  a  single  composite 
criterion  against  whioh  the  whole  seleotion  procedure,  itself  an  amalgamation  of  weighted  measures,  is 
validated,  or  agai:.st  whioh  eaoh  test  or  assessment  within  the  seleotion  procedure,  or  proposed  for 
addition  to  the  seleotion  procedure,  is  validated  individually.  The  way  in  winch  the  boutoob  are  chosen 
and  the  weighting  accorded  to  each  in  the  amalgamation  of  them,  depend  partly  on  the  strength  of  evidence 
for  an  optimum  weighting  and  partly  on  the  purpose  of  the  validation.  In  the  absence  of  any  adequate  bBSis 
in  whioh  the  characteristics  of  a  good  controller  could  be  expressed  in  quantifiable  terms,  a  more 
modest  aim  may  be  to  seleot  those  candidates  most  likely  to  complete  their  air  traffio  control  training 
successfully  and  to  go  on  to  become  controllers.  Most  weighting  would  then  be  given  to  training  and 
attrition  factors.  However,  if  the  emphasiB  of  the  seleotion  was  to  find  controllers  potentially  uuitable 
for  management  posts,  the  seleotion  oriteria  should  then  be  weighted  in  favour  of  supervisors’  assessments 
and  oareer  advancements. 
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Controllers  themselves,  in  peer  ratings,  are  often  in  substantial  agreement  about  which  of  their 
colleagues  are  the  best  controllers.  They  have  difficulty  in  putting  their  reasons  into  words.  Air 
traffic  control  instructors  often  nave  firm  views,  formed  quite  early  in  the  training  course,  about  who 
will  ultimately  succeed  and  who  will  fail.  They  too  have  difficulty  in  formulating  their  reasons 
verbally.  Both  these  types  of  judgments  are  made  by  well-informed  people  on  the  basis  of  evidence 
which  they  believe  to  be  present,  though  hard  to  quantify.  If  it  is  indeed  present,  more  persistent 
efforts  should  be  made  to  identify  and  measure  it,  since  it  is  not  being  included  in  current  selection 
procedures  but  should  be.  However,  if  in  the  case  of  the  instructors  it  is  spurious,  based  on  super¬ 
ficial  impressions  of  no  scientific  worth  which  may  rapidly  become  so  entrenched  as  to  become  self- 
fulfilling  prophecies,  then  such  premature  judgments  must  be  firmly  discouraged,  and  no  discriminatory 
activities  must  be  based  on  thorn.  In  either  case,  this  propensity  to  form  early  judgments  needs  thorough 
study,  the  outcome  of  which  should  lead  to  practical  action. 

Existing  criteria  for  validating  air  traffic  control  selection  are  inadequate.  The  vagueness  about 
the  attributes  of  a  good  controller,  the  subjectivity  of  many  of  the  judgments  on  which  the  criterion 
measures  ultimately  depend,  and  the  dearth  of  objective,  scientific,  quantitative  indices  of  air  traffic 
control  safety,  efficiency  and  performance,  all  conspire  to  keep  the  validity  and  reliability  of  the 
selection  procedures  low  because  the  validity  and  reliability  of  the  criteria  against  which  these  proce¬ 
dures  are  judged  are  themselves  low.  If  the  validity  and  reliability  of  the  selection  procedures 
themoolvss  are  in  fact  high,  there  is  no  means  of  recognising  this  in  the  absence  of  equivalent  validity 
and  reliability  in  the  criterion  measures. 

Subjective  evidence  from  controllers,  although  it  may  eventually  be  discredited,  currently  ol'fers 
enough  encouragement  to  suggest  that  there  is  scope  for  further  progress  in  quantifying  the  attri¬ 
butes  of  a  good  controller,  thereby  improving  the  criteria  for  validating  air  traffic  control  selection 
procedures,  a  prerequisite  for  improving  the  procedures  themselves  in  an  intelligent  rather  than  a  random 
fashion.  A  great  deal  of  effort  could  be  expended  in  the  improvomont  of  selection  procedures,  to  no 
avail  as  long  as  the  criterion  .'.ensures  are  suspect.  Perhaps  the  balance  should  bo  redressed,  with  more 
resources  devoted  to  criteria  for  validating  so  lection  procedures,  and  fewer  to  the  actual  procedures. 
Sooner  or  later,  a  better  rationale  for  making  changes  in  selection  procedures  will  have  to  be  found. 

Evidence  for  the  validity  of  selection  procedures  should  be  obtained  more  thoroughly  in  the  form  of 
statistical  correlations.  Some  data  are  already  in  quantitative  form,  or  can  be  so  expressed  with  little 
effort.  Examples  are  marks  and  assessments  obtained  during  and  at  the  end  of  training,  assessments  made 
at  promotion  boards,  the  timing  of  achieved  promotions,  tho  nature  and  dates  of  obtaining  further 
professional  qualifications,  and  the  incidence  and  dates  of  attrition.  Such  measures  can  be  correlated 
with  the  overall  assessment,  at  the  end  of  selection,  and  with  individual  markings  incorporated  within 
that  overall  assessment.  The  resulting  correlations  will  show  the  predictive  value  of  selection  as  a 
whole  and  of  its  various  components,  for  progress  and  attainment  during  training  and  during  subsequent 
air  traffic  oontrol  career.  The  true  prognostic  value  of  the  selection  procedure  can  then  be  determined, 
and  compared  with  the  ideal  prognosis.  Action  should  follow,  its  nature  depending  on  what  is  found  and 
what  is  required.  Assessments  which  are  in  the  form  of  pass  or  fail  havo  very  limited  value  in 
determining  tho  validity  of  tho  selection  procedures  and  wherever  possible  more  detailed  quantitative 
measures  should  bo  used. 

If  the  correlation  between  selection  and  training  is  poor,  one  or  other,  or  perhaps  both,  need  to 
be  re-examined,  depending  on  the  correlations  between  selootion  and  achievement  as  a  controller 
and  between  training  and  achievement  as  a  controller.  All  three  should  be  in  step.  If  they  are  not, 
selection  or  training,  whichever  has  tho  lower  correlation  with  achievement,  needs  careful  reappraisal. 

If  selection  and  training  correlate  highly  with  each  other  but  not  with  achievement,  both  need  to  be 
looked  at  afresh.  The  whole  point  of  selection,  and  of  training  for  that  natter,  is  that  it  should 
relate  to  ultimate  achievement  as  a  controller  and  the  success  of  the  selection  procedure  depends  upon 
this.  A  series  of  correlations  can  show  where  the  procedure  is  succeeding,  where  it  has  some  limited 
success  but  needs  improving,  and  where  it  fails  because  it  lacks  predictive  value.  If  it  lias  no  predictive 
value  at  all,  it  should  be  scrapped. 

11g  ADAPTING  SELECTION  PI10CEDURES  TO  CHANCING  NEEDS 

From  time  to  time,  changes  in  selection  procedures  for  controllers  become  necessary.  Air  traffic 
control  is  not  static.  Itn  demands,  equipment,  procedures,  facilities  and  organisation  evolve,  and 
selection  procedures  should  evolve  accordingly.  New  requirements,  such  as  the  ability  to  understand 
software,  to  utilise  automated  aids  to  higher  mental  functions  efficiently,  to  relate  effectively  to 
machines,  to  work  within  a  team  structure  which  is  smaller  and  less  tightly  defined,  or  to  maintain 
interest  during  inactivity,  may  become  desirable  attributes  in  controllers,  sought  in  solection  proce¬ 
dures  if  means  to  teat  for  them  can  be  devised  .  Because  of  the  lag  between  selection  and  becoming  fully 
qualified  us  a  controller,  it  is  desirable,  though  rare,  for  selection  procedures  to  consider  not  the 
current  air  traffic  control  requirements  but  those  some  time  ahead,  in  so  far  as  they  can  bo  predicted 
with  confidence. 

Continuous  efforts  havo  to  be  inode  to  adapt  selection  to  new  requirements,  to  ensure  that  the 
evolving  changes  in  the  selection  procedures  are  valid  and  reliable  and  can  therefore  be  justified.  The 
rationale  for  changes  may  have  to  roly  on  deductions  of  the  required  skills  and  attributes  if  the  changes 
originate  in  technological  innovations,  since  long  term  evidence  on  validity  can  accumulate  only 
gradually  after  tho  changes  have  been  introduced  into  operation.  Most  of  the  innovations  have  been  tho 
subject  of  tests  and  prototype  evaluation  before  they  havo  gone  into  service.  Much  more  could  be  done 
during  thesa  initial  evaluations  to  defino  the  training  procedures  which  tho  innovation  is  likoly  to 
entail,  and  to  specify  tho  skills  and  attributes  required  for  its  successful  operation,  which  might 
therefore  feature  in  appropriate  selection  procedures.  Uy  relating  planning  and  evaluation  more  closely 
to  seleotion,  it  should  be  possible  to  make  significant  progress  in  adapting  selection  to  the  changes 
taking  place  in  air  traffic  control,  and  thoreby  to  enhance  the  predictive  value  of  the  selection  pro¬ 
cedure  itself.  Air  traffic  control  has  changed  so  much  that  solection  procedures  which  have  not  changed 
for  many  years  mu3t  aimeot  certainly  be  inadequate  now  in  some  respeots  in  relation  to  new  roles. 
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CHAPTER  12 

THE  TRAINING  OF  CONTROUiRS 


12a  TRAINING  OBJECTIVES 

Although  the  main  objective  of  air  traffic  control  training  ie  self-evident,  being  to  produce  f-uly 
qtalified,  safe  and  efficient  controllers  by  the  most  cost-effective  training  methods,  thei-e  <*■  little 
uniformity  or  standardisation  in  the  practices  followed  in  various  countries  to  achieve  this  objective. 
Training  ir  protracted  because  there  is  a  great  deal  of  information  that  the  controller  must  be  taught, 
but  policies  differ  on  the  best  training  techniques,  on  the  desirable  degree  of  specialisation  during 
training,  and  on  the  balance  between  academic  learning,  practical  training  in  specialist  training  facili¬ 
ties,  and  on-the— job  training.  Training  has  to  reflect  some  of  the  main  differences  between  countries  in 
their  air  traffic  oontrol,  such  as  the  extent  to  which  civil  and  military  control  are  integrated,  the 
traffic  demands,  and  the  sophistication  of  the  installed  air  traffic  oontrol  equipment.  Training  also 
has  to  reconcile  two  requirements  which  are  potentially  incompatible:  a  set  syllabus  leading  to  an 
absolute  standard  of  proficiency  has  to  be  followed,  and  this  is  easier  to  administer  if  it  is  adhered 
to  rigidly!  yet  individuals  differ  in  their  rate  of  comprehension  and  retention  of  information,  and  some 
piovision  for  flexibility  in  response  to  individual  training  needs  is  essential. 

The  expected  pace  and  content  of  learning,  and  the  ohoice  and  training  of  instructors,  are  further 
topics  where  prautioes  are  diverse.  Some  courses  have  a  high  academic  content!  some  emphasise  classroom 
teaohing;  some  concentrate  on  practical  exercises ;  some  emphasise  teamwork;  some  rely  heavily  on  on-the- 
jcb  training  and  experience.  Instructor-pupil  ratios  vary  substantially.  Soup*  courses  aim  to  teach 
principles;  others  concentrate  on  practical  examples.  The  need  for  instructor  to  be  taught  how  to  teach 
is  now  widely  acknowledged.  Their  attitudes  towards  instructing  vary  greatly,  because  in  some  countries 
a  spell  as  a  trailing  instructor  is  seen  as  a  positive  step  towards  career  advancement,  whereas  in  others 
it  has  the  contrary  reputation.  An  anomaly  in  training  is  that  logically  the  training  of  controllers 
should  include  experience  of  all  equipment  they  are  likely  to  encounter  at  the  places  whero  they  may 
subsequently  be  assigned.  Training  schools  should  therefore  bo  among  the  first  places  where  new  equip¬ 
ment  is  installed:  all  too  often  they  have  been  among  the  last. 

Most  adr  traffic  control  training  schools  accept  pupils  from  many  nations.  Training  costs  per  pupil 
are  high,  and  many  smaller  nations  have  neither  the  resources  nor  a  sufficient  number  of  air  traffic 
controllers  to  justify  a  training  school  of  their  own.  Partly  as  a  result  of  this,  training  in  schools 
has  to  emphasise  general  rules,  principles,  procedures,  and  standards,  rather  than  the  particular  air 
traffic  control  problems  that  arise  in  the  country  where  the  school  is  located.  Sometimes  training  has 
to  fulfil  other  requirements  alGO,  English  being  the  international  air  traffic  oontrol  language,  some 
fluancy  in  it,  coupled  with  clear  and  unambiguous  articulation  of  English  over  R/T  or  telephone,  is 
such  a  fundamental  requirement  that  every  prospective  controller  must  reach  a  reasonable  standard  in  it, 
if  necessary  by  epeoial  training  in  spoken  English,  before  the  air  traffio  oontrol  training  begins.  For 
some  peoples,  where  the  structure,  phonetio  properties,  and  articulative  characteristics  of  their  own 
native  language  are  very  different  from  those  of  English,  their  poor  intelligibility  when  speaking  in 
English  over  an  R/T  channel  can  become  a  problem  not  merely  for  a  few  individuals  but  for  nearly  everyone, 
and  persistence  is  required  to  overcome  it. 

In  some  countries,  further  constraints  may  govern  aspects  of  air  trax'fic  oontrol  training.  An 
example  is  a  national  polioy  which  requires  the  selection  and  training  for  air  traffic  control  posts  of 
designated  proportions  of  candidates  from  various  subgroups  in  the  population,  identifiable  in  terms  of 
sex,  ethnic  origin,  national  origin,  or  physical  disability  for  example.  Such  a  polioy  can  pose  parti¬ 
cular  eolection  and  training  problems  which  must  be  overcome.  Those  arise  not  so  much  in  the  publicised 
and  sensitive  area  of  any  lack  of  equivalence  across  subgroups  in  their  abilities,  skills  and  innate 
potential  (although  such  difficulties  nay  not  be  wholly  avoided),  but  more  in  motivation,  associated  in 
particular  with  willingness  to  sea  the  need  for,  be  sensible  of,  or  subscribe  wholeheartedly  to,  a 
professional  ethic  with  ita  notions  of  commitment,  dedication,  norms,  self-disciplino,  and  closed  ranks 
whan  challenged. 

Such  policies  also  mean  that  selootion  and  training  processes  may  be  scrutinised  hostiloly  for  signs 
of  bias.  They  must  not  only  be  fair  and  impartial,  which  is  in  any  case  always  an  objective  of  any 
scientifically  validated  selection  and  training  procedure,  but  they  must  also  be  seen  to  be  fair  and 
impartial  by  people  with  no  knowledge  of  soientifio  methodology,  an  objective  that  can  bo  much  more 
difficult  to  achieve,  especially  if  some  selection  and  training  procedures  that  possess  true  validity 
lack  comparable  face  validity.  Hitherto,  most  evidence  suggests  that  differences  between  the  variouB 
relevant  subgroups  in  the  population  are  small  enough  to  be  overcome  by  training  and  allocation  proce¬ 
dures.  This  is  fortunate,  because  it  is  in  the  interests  of  everyone  that  national  employment  policies 
and  the  requirements  of  aviation  safety  do  not  clash. 

The  basic  principle  underlying  selection  and  training  procedures  iB  that  all  users  of  air  traffic 
control  are  entitled  to  receive  a  service  at  all  times  which  meets  the  required  standards  of  safety  and 
efficiency  that  must  never  be  compromised.  With  each  individual,  training  must  continue  until  he  or  she 
reaches  those  standards  consistently,  or  until  the  efforts  to  train  the  individual  to  become  a  controller 
are  abandoned.  Although  the  air  traffic  control  service  which  a  particular  pilot  receives  obviously  will 
vary  to  some  extent  according  to  the  experience  and  abilities  o"  the  individual  controller  who  is 
providing  it,  nevertheless  that  service  must  never  fall  below  the  minimum  standards,  no  matter  who  the 
controller  is.  It  is  a  function  of  training  to  ensure  that  as  far  as  possible  it  never  does  and  never 
wi  11. 


A  further  objective  to  maximise  training  efficiency  is  to  ensure  that  there  are  no  gross  sudden 
changes  in  the  demand  for  training.  Such  changes  must  be  fundamentally  inefficient  in  certain  respects: 
either  training  facilities  are  underused,  or  training  is  being  conducted  under  imnecessary  pressure, 

:  land  ling  more  pupils  than  the  facilities  were  designed  to  deal  with.  The  ideal  is  to  keep  supply  and 


demand  in  balance  Failing  that,  changes  in  demand  should  be  relatively  long-term  so  that  adequate  pro¬ 
vision  can  be  made  lor  them  by  advance  planning. 

12b  THE  CONTENT  OF  TRAINING  COURSES 

Each  air  traffic  control  training  school  (academy,  college,  etc)  has  its  own  detailed  syllabus, 
curricula  and  training  manuals.  These  are  the  best  sources  for  fuller  details  of  what  is  taught  during 
training.  Training  content  frequently  comes  under  close  scrutiny,  eopecially  in  terms  of  general  policy, 
objectives,  and  coats.  Occasionally,  an  appraisal  of  air  traffic  control  training  is  oonducted,  to 
identify  ways  in  which  it  might  be  improved  '  3l),  Here,  training  content  is  discussed  in  general  terms 
only. 


Tiaining  can  be  done  within  the  school,  or  outside  it  on-the-job.  Moat  training  courses  include  both 
those  aspects.  Training  may  aim  to  provide  every  controller  with  knowledge  and  some  experience  of  nearly 
every  type  of  air  traffic  control,  or  each  controller  may  bs  assigned  from  the  outset  to  one  type  of 
control  (for  example  en  route  or  terminal),  and  trained  primarily  for  that.  The  air  traffic  control 
facility  where  the  controller  will  be  assigned  on  completion  of  hie  training  may  be  known  from  its  outset 
and  he  may  be  trained  specifically  for  it  or  the  decision  on  his  allocation  may  be  taken  only  on 
completion  of  his  training  so  that  the  training  itself  must  encompass  a  broad  range.  Such  differences, 
plus  varying  policies  on  the  extent  of  background  knowledge  that  each  controller  should  possess  and  on  the 
desirable  degree  of  intensive  individual  tuition  during  training,  have  the  effect  that  the  total  time 
required  for  training  varies  considerably. 

Training  content  may  be  classified  under  the  following  broad  headings: 

(1)  Academic  knowledge,  theory,  rules  arid  background  information. 

This  covers  the  principles  of  navigation  and  flight;  basic  understanding  of  equipment  such 
as  radar  and  computers  and  thair  functioning;  knowledge  of  related  subjects  such  as  meteoro¬ 
logy,  aviation  law,  and  air  traffic  control  history. 

(k)  Classroom  instruction  on  fundamental  air  traffic  ooutrol  principles. 

This  includes  the  structures  and  divisions  of  airspace  and  airports;  the  rules  of  the  air; 
the  responsibilities  of  air  traffic  control  and  the  divisions  of  responsibility  within  it; 
ground-based  and  airborne  facilities;  the  types,  language  and  formats  of  air  traffic  control 
communications;  basic  air  traffio  control  principles  and  procedures;  handling  characteristics, 
manoeuvrability  and  limitations  of  aircraft,  and  the  equipment  and  facilities  installed  in 
them. 

(3)  Individual  or  group  demonstrations  and  tuition. 

This  covers  air  traffio  oontrol  teams  and  their  interactions;  correct  and  incorrect 
procedures;  as poet a  of  task  sharing  between  individuals;  the  allocation  of  resources  by  each 
individual;  the  time  scales  within  which  tasks  must  be  completed;  tne  optimum  timing  and 
ordering  of  different,  tasks;  the  learning  of  principles  and  rules  for  specific  tasks,  such  an 
conflict  detection  and  resolution,  stacking,  approaoh  sequencing,  etc. 

(4)  Practical  instruction  and  rehearsal  using  simulation. 

This  covers  learning  and  practising  procedures;  the  correct  usage  of  the  displayed  informa¬ 
tion,  communications,  and  controls  associated  with  them;  the  effects  of  traffio  demands  on  work 
and  its  scheduling;  procedures  for  handling  emergencies  and  compensating  for  system  failures; 
the  optimum  allocation  of  priorities,  effort  and  resources;  the  progressive  acquisition  of 
appropriate  skills,  fluency  in  speech  and  use  of  controls,  and  confidence. 

(5)  Practical  experience  in  a  real-life  setting. 

This  covers  controlling  within  the  school  environment  real  aircraft  flown  for  the  benefit 
of  controllers  under  training;  experience  of  and  familiarisation  with  real  air  tr*>  1  'll  jntrol 
environments  in  a  subordinate  capacity,  either  by  watching  controllers,  conduct i*  ,  •  'mited 

oontrol  under  close  supervision,  or  performing  some  or  all  of  the  tasks  of  an  ai.  0  con¬ 

trol  assistant;  experience  of  flight  and  of  the  flight  deck;  first-hand  knowledge  c_  he 
pi  lot 'a  tasks,  perhaps  including  obtaininga  private  pilot's  licence;  experience  of  the 
professional  norms,  standards,  motivations,  responsibilities,  and  ethos  of  air  traffic  control. 

Training  is  classified  according  to  the  main  typos  of  air  traffic  control.  The  divisions  between 
some  types,  especially  between  military  and  civil  air  traffio  control,  may  be  so  complete  that  they  have 
separate  and  totally  independent  training  facilities.  Other  divisions,  between  airways  and  off-airways 
traffic,  between  en-route  and  terminal  control,  between  radar  and  procedural  control,  are  fundamental 
enough  to  be  treated  in  separate  training  courses  which  are  assessed  separately  and  not  conducted  con¬ 
currently.  This  training  structure  often  means  that  the  individual  controller  can  obtain  further 
validations  to  extend  the  types  of  air  traffio  control  for  whioh  ho  is  qualified. 

Some  training  is  for  a  specific  system  or  location.  The  former  is  becoming  more  common  where  the 
largest  airports  or  the  busiest  regions  of  airspace  are  covered  by  specially  installed  air  traffic  oontrol 
equipment,  aids,  procedures  or  instructions  whioh  controllers  have  to  learn  to  use.  The  latter,  training 
by  location,  is  most  common  in  the  United  States,  where  controllers  may  receive  much  of  their  training 
not  at  the  academy  but  on-the-job  at  the  air  traffio  oontrol  facility  at  whioh  it  is  intended  they  will 
be  employed.  The  fact  that  different  countries  have  evolved  different  solutions  to  the  problem  of  the 
most  desirable  balance  between  general  air  traffic  control  training  ana  tra:n.ng  for  a  specif:  0  location 
mdioatos  that  this  is  a  topio  on  which  there  remains  much  scope  for  debate,  even  though  oach  nation  has 
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perhaps  adopted  the  solution  heat  suited  to  its  particular  air  traffic  control  needs,  no  single  optimum 
solution  for  all  needs  may  exist. 

Air  traffic  control  is  essentially  a  team  activity,  and  will  remain  so,  although  the  trend  is  for 
man-machine  relationships  to  replace  man-man  relationships,  partly  because  there  has  been  greater  tn  icess 
in  devising  automated  aids  for  individral  tasks  than  for  team  functions.  An  irapli cation  behind  team 
training  is  that  distinctive  team  functions  determine  to  ecme  extent  the  efficiency  cf  the  team,  and  theee 
go  beyond  the  sum  of  the  functions  of  the  individual  team  members,  so  thnt  proficiency  in  them  cannot  be 
acquired  by  training  each  individual,  team  member  in  isolation.  Although  this  implication  is  widely 
believed,  muon  team  training  does  not  in  fact  teach  co'  laborativo  team  Auctions,  but  provides  a  setting 
within  whioh  each  controller  praotises  his  own  /unctions  alongs’''-  other  controllers  who  are  doing  the 
same.  However,  where  funotions  are  designed  from  the  outset  to  be  team  functions,  every  team  member  must 
realise  that  what  he  can  do  depends  vitally  on  what  his  colleagues  are  doing,  sc  that  his  knowledge  of 
some  at  least  of  his  colleagues1  activities  must  be  detailed  and  kept  up-to-date.  The  training  of  teams 
as  teams  rather  than  as  collections  of  individuals  working  alongside  each  other  deserves  more  attention 
in  air  traffio  control,  and  elsewhere,  than  it  has  received.  A  general  review  of  the  current  etatus  of 
team  training  has  recently  appeared-^. 

At  this  point,  some  clarification  of  a  fundamental  issue  seems  desirable  lest  the  tenor  of  these 
strictures  is  misconstrued.  Those  who  conduct  air  traffic  control  training  are  generally  dedicated, 
competent,  and  well  aware  both  of  the  deficianoies  in  many  of  the  training  methods  they  must  employ  und 
of  the  opportunities  for  improvements  in  training  whioh  current  technological  advances  may  offer  if  they 
could  be  used.  These  criticisms  are  therefore  not  directed  at  training  instructors,  but  are  intended  to 
point  out  that  their  best  efforts  may  be  frustrated  by  years  of  inadequate  research  support  for  air 
traffic  control  training,  inadequate  validation  of  its  content  and  technique,  and  reluctance  to  sanction 
the  experimental  introduction  of  innovative  training  methods  and  techn;quan  to  see  whether  they  might 
help  and  to  discover  how  they  could  best  be  adapted  to  the  particular  needs  of  air  traffio  control 
training.  Not  every  air  traffio  control  training  faoility  has  had  to  contend  with  inadequate  resources 
and  support,  but  many  have. 

Fundamental  learning  principles  -  overlearning,  demonstration,  the  elucidation  of  principles,  active 
rehearsal,  extra  entrenchment  of  material  just  learned,  immediate  detailed  knowledge  of  reaulto, 
adaptive  training  to  fit  individual  needs,  opportunities  to  develop  and  exeroise  skills,  the  need  for 
frequent  aotive  recall,  the  breaking  of  undesirable  habits,  the  optimisation  of  the  transfer  of  training, 
the  building  of  oonfidenoe  and  motivation,  the  learning  not  merely  of  procedures  and  actions  but  of  the 
reasons  for  them,  the  switching  of  attention  to  facilitate  task  sharing,  etc  -  these  ara  at  the  heart 
of  successful  training.  Their  realisation  implies  we.i.l-defined  training  goals,  olear  intermediate 
achievements  on  the  way  towards  attaining  these  goals,  the  training  of  instructors  in  teaching  methods, 
known  validity  and  reliability  of  trailing  content  and  teohnic-os,  knowledge  and  evaluation  for  air 
traffio  control  training  of  advances  in  training  toohuiquoB  ’.id  especially  in  those  using  micro-oomputers, 
greater  research  expenditure  on  training,  and  willingness  u.  implement  authenticated  rosoaroh  findings. 
Currently  there  are  some  enoouraging  reappraisals  of  air  traffic  control  training.  If  the  opportunities 
whioh  thoy  present  aro  seized  and  aotod  upon,  substantial  benefits  for  air  traffio  comrol  training  may 
accrue. 


12c  THE  ROLE  OF  SIMULATION  IN  TRAINING 


Attitudes  towards  simulation  in  air  traffio  control  training  have  been,  and  in  some  raspoots  Btill 
are,  somewhat  ambivalent,  fti  the  one  hand,  thsre  Iwn  been  much  ec^.uasis  on  the  necessity  for  simulation 
ob  an  indispensible  training  tool1*";  on  the  other  hand,  there  has  often  been  a  marked  reluctance  to 
provide  the  funding  and  resources  for  simulators  for  air  traffic  control  training,  espeoiaily  for 
simulated  radars.  The  benefits  of  simulation  have  on  oooasion  been  so  extolled  by  its  advocates  as  to 
suggest  that  it  is  a  panacea  for  training  problems,  and  that  other  training  methods  aro  superf luouo,  a 
point  of  viow  whioh  lias  certain  affinities  with  the  equally  erroneous  contention  that  the  more  sophis¬ 
ticated  and  realistic  the  simulation  is,  the  better  it  must  be  for  training.  Gome  air  traffio  control 
training  contexts  have  lacked  even  simple  simulation  facilities,  although  these  are  almost  invariably 
beneficial;  others  employ  or  propose  to  employ  very  elaborate  simulation  facilities  in  the  quest  for 
realism,  and  the  use  of  innovative  technology  seems  to  overtake  the  fidelity  requirements  for  training 
purposes 1 23 ,  in  somo  contexts,  notably  air  traffio  control  evaluation,  simulation  has  been  judged  tj  be 
both  indispensible  and  overused' '2,  fhe  comparable  judgment  on  simulation  in  air  traffic  oontrol 
training  would  probably  be  that  in  some  contexts  it  has  boen  insufficient  and  in  others  over-sophisti¬ 
cated.  Although  it  is  widely  presumed,  almost  certainly  correctly,  that  simulation  is  beneficial  for 
air  traffio  oontrol  training,  scientific  proof  of  this  presumption  is  conspicuous  by  its  absence. 


In  relation  to  training  real-time  rather  than  fast-time  simulation  is  normally  meant.  Fast-time 
simulation  may  have  a  role  in  revealing  the  circumstances  under  whioh  certain  variables  become  critical, 
and  the  kinds  of  material  that  should  tha-efore  be  chosen  to  demonstrate  their  importance.  In  training 
as  elsewhere  in  air  traffic  oontrol,  there  has  been  insufi'ioient  integration  of  fast-time  and  real-time 
simulation  techniques  and  findings. 


The  basis  for  employing  simulation  to  train  controllers  is  the  notion  of  transfer  of  training. 
Learning  in  the  simulator  transfers  to  real-life.  It  would  be  exp-cted  that  the  degree  of  transfer  would 
depend  on  the  faithfulness  with  whioh  the  simulation  replicates  real-life,  but  this  does  not  always  seem 
to  be  so.  Where  procedures  are  bsing  taught,  a  rudimentary,  even  non-dynamic,  simulation  may  suffice  to 
teach  the  procedures.  A  series  of  photographs  may  illustrate  successive  stages  in  the  use  of  a  touch- 
input  devioo  as  effectively  as  the  equipment  on-line.  In  the  case  of  dynamic  simulations  that  include 
some  form  of  man-nachine  interaction,  their  most  important  requirement  for  training  is  feedback  in  the 
form  oi  knowledge  of  results,  so  that  the  man  can  learn  by  his  mistakes,  recognise  his  successes,  and 
make  other  finer  distinctions  between  the  two. 


If  the  aim  of  training  is  to  acquire  skills,  then  the  relevant  physical  components  of  the  system  - 
the  type,  sensitivity,  feel,  location  and  operation  ol  controls  -  have  to  bo  replicated  closely. 
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preferably  with  the  sane  equipment  in  the  simu'ation  as  tn  the  real-life  tasks.  But  the  system  context 
can  V'  quite  primitive,  Pluency  and  skill  in  operating  a  keyboard  cai  be  acquired  using  only  the  keyboard 
and  its  associated  sensory  inputs,  though  the  learning  process  can  then  be  todioU3  and  it  mav  be  difficult 
to  sustain  motivation.  Nevertheless,  it  is  wasteful  to  have  a  large  and  unnecessary  system  on  lino  just 
to  train  a  man  to  use  a  keyboard. 

To  simulate  a  work  position  for  training  purposes,  the  most  imeortant  requirement  is  probably  com¬ 
pleteness,  rather  than  roalism  or  fidolity.  If  some  fundamental  attribute  of  the  workspace  has  been 
omitted,  enhanced  realism  in  the  aspects  that  are  present  cannot  compensate  for  its  absence,  or  restore 
realism  to  the  simulation  an  a  whole.  The  more  complex  the  took,  the  information,  the  knowledge,  and 
the  skills  become,  the  more  difficult  it  is  to  use  simulation  for  training  in  the  expectation  that  the 
whole  of  the  training  will  transfer.  This  is  because  it  becomes  more  probable  that  the  simulation  will 
in  some  fundamental  respect  be  incomplete,  or  that  some  fundamental  attribute  of  the  system  will  be 
simulated  incorrectly  so  tliat  the  learning  in  relation  to  it  is  inapplicable  to  real  life. 

Given  this  context,  in  some  respects  air  traffic  oontrol  simulation  must,  a  priori,  be  inadequate 
for  training  just  because  it  is  simulation  and  thereby  incomplete.  If  it  were  complete  it  would  not  be 
called  a  simulation.  The  aircraft  to  be  controlled  are  not  real  aircraft,  or  at  least  not  real 
passenger-cariying  aircraft,  and  the  controller  is  not  responsible  for  the  safety  and  lives  of  the  crew 
and  passengers.  Serious  infringements  of  separation  standards  may  be  criticised  os  major  erro'-s  which 
would  bo  dangerous,  but  in  the  simulation  the  pilot  does  not  file  a  near  miss  report  leading  to  an 
offioial  enquiry.  The  simulation  is  incomplete  in  its  emotional  climate,  even  if  every  physical  aspect 
of  it  can  be  replicated  faithfully  at  enormous  cost.  If  the  man  has  all  the  requisite  skills  and 
knowledge  but  cannot  face  the  responsibility  of  controlling  real  aircraft  unaided,  ihiB  may  never  become 
apparent  as  long  as  training  is  confined  to  simulation.  Simulation  as  a  technique  therefore  has  some 
’imitations  which  cannot  be  circumvented. 


Simulation  may  encourage  learning  in  the  form  of  a  series  of  specific  problems  to  be  solved  cor¬ 
rectly',  but  it  may  be  less  suitable  for  the  demonstration  and  elucidation  of  principles.  In  later  stages 
of  training,  simulation  map'  be  roost  ef.feotive  if  used  flexib]y:  this  should  include  the  freezing  of 
the  system  while  instruotion,  explanation  and  correction  are  given,  and  the  replay  of  previous  exercises 
to  show  the  origins  of  mistakes,  the  factors  taken  into  account  in  deriving  the  optimum  solution,  and 
the  timing  of  the  correct  solution.  It  can  often  be  enlightening  for  the  instructor  to  demonstrate  the 
solution  of  an  air  traffic  control  problen  and  then  to  present  it  tc  the  pupil  who  does  not  find  it  as 
easy  as  he  thought  to  implement  tho  same  solution.  Simulation  can  also  aid  in  the  categorisation  of 
problems,  in  the  systematic  identification  of  all  the  variables  in  each,  and  in  the  detection  of 
circumstances  when  the  eorreot  decision  is  to  do  nothing.  A  further  advantage  of  simulation  is  that  the 
complexity  of  problems  oan  be  inoreased  gradually  during  training,  in  step  with  improvements  in  the 
student's  understanding,  knowledge  and  skill,  and  the  difficulty  of  the  problems  oan  be  adapted  to  the 
neoda  of  the  pupil. 


A  oommon  fault,  a  corollary  of  thiu  progressive  increase  in  difficulty,  iB  to  stop  training  on  a 
particular  typo  of  problem  just  after  the  most  difficult  examples  have  boon  solved  successfully.  This 
does  not  represent  sound  learning.  There  has  been  least  familiarity  and  practice  with  the  problems  that 
are  most  difficult,  and  greatest  familiarity  with  the  easiest  ones.  Kurther  experience  of  the  most 
difficult  problems  should  be  given  until  all  tho  wayc  in  which  they  con  be  tackled  and  solved  have  been 
thoroughly  learned  and  mastered.  Some  overlearning,  that  is  continued  learning  of  something  that  has 
apparently  just  been  learned,  oan  be  strongly  recommended,  especially  for  difficult  problems  during  air 
traffic  oontrol  training,  because  it  will  result  in  tho  long-term  maintenance  of  performance  without  much 
subsequent  rehearsal,  in  higher  standards,  and  in  increased  confidence . 

In  using  simulation,  a  balance  has  to  be  struck  to  satisfy  two  distinct  requirements .  (iie  is  to 
provide  continuity,  so  that  training  oan  be  improved  from  year  to  year  by  retaining  what  is  successful  and 
modiiying  what  is  not.  If  there  is  continuity  across  training  courses,  it  is  easier  to  tell  whether 
training  standards  are  being  maintained  or  improvod,  or  are  falling.  Suoh  faotor3  encourage  consistency 
in  the  simulation  exercises  used  for  training  and  in  the  traffic  samples  they  employ.  However,  air 
traffic  oontrol  itself  changes,  and  the  training  has  to  bo  changed  to  keop  in  step  with  new  requirements. 
Samples  may  need  to  be  ohanged  because  new  points  have  to  bo  made  during  training.  It  is  improbable  that 
the  samples  of  traffic  used  in  air  traffic  oontrol  simulation  for  training  a  few  years  ago  can  be  employed 
now  to  place  greater  emphasis  on  the  effsota  of  alternative  air  traffic  oontrol  strategies  and  tactics 
on  fuel  consumption  and  conservation.  These  were  not  suoh  important  considerations  when  those  samples 
were  originally  deviaed.  Special  samples  may  have  to  be  written  in  order  to  make  training  reflect  tho 
greater  concern  for  the  factor  of  fuel  conservation,  and  1o  teach  controllers  more  about  the  consequences 
of  their  notions  for  fuel  conservation.  Prom  time  to  turn  ,  additional  factors,  such  as  the  recent  one  of 
fuel  conservation,  are  accorded  greater  importance.  The  boot  way  to  ensure  that  they  receive  it,  is  to 
teaoh  the  necessary  additional  knowledge  as  part  of  training. 


The  ultimate  simulation  is  to  use  the  real-life  system  as  a  simulated  one.  Where  this  is  posoibli, 
it  can  be  a  very  effeotive  final  stage  in  training.  It  can  provide  an  intermediate  link  to  facilitate 
the  full  transfer  to  tho  real  system  of  all  that  has  been  learned  during  training.  It  has  been  employed 
more  in  cockpits  than  in  gi^isid  control  oystems,  but  current  evidence  suggests  that  it  would  be  effective 
in  air  traffic  control.  Its  benefits  would  be  to  reinforce  training,  and  to  maintain  learning  and 
knowledge  among  experienoed  controllers,  particularly  in  relation  to  procedures  and  problems  which  seldom 
occur  in  real  life  and  whioh  they  therefore  do  not  have  the  opportmity  to  remain  familiar  with.  To 
use  a  real  life  system  as  a  simulated  one  oan  also  help  retraining,  by  familiarising  controllers  who  are 
experienced  on  one  air  traffic  control  system  with  anothor  system  which  io  in  some  respects  different 
’  ut  whioh  ii  known  tv  be  complete. 


12d  A3SE3SKENTS  OF  PROGRESS  DURING  TRAINING 


The  purposes  of  assessment  during  training  include  the  following: 

(1)  To  measure  the  level  of  knowledge  and  skill  currently  attained,  and  to  verify  that  what  lias 
bean  learned  has  been  correctly  understood  and  can  be  put  to  practical  use. 

(2)  To  qualify  a  controller  in  a  particular  option,  course,  or  part  of  a  course. 

(3)  To  ascertain  that  the  controller  has  reached  a  criterion  level  of  performance,  as  a  condition 
for  proceeding  with  further  training. 

(4)  To  provide  evidence  of  progress  in  a  standard  quantified  form,  to  permit  absolute  or  relative 
judgments  of  that  progress. 

(5)  To  pick  out  those  who  need  some  ve -training,  more  intensive  tuition,  or  further  practice,  and 
to  specify  the  desirable  content  of  additional  training. 

(6)  To  identify  those  whoso  progress  and  prospects  are  so  unsatisfactory  that  their  training  should 
be  discontinued. 

(7)  To  measure  the  efficacy  of  training,  with  particular  reference  to  any  changes  that  have  been 
introduced  in  content,  materials,  techniques,  or  equipment. 

(8)  To  standardise  the  content  and  efficiency  of  training  at  various  facilities  and  locations. 

(9)  To  verify  the  continued  relevance  of  training  to  operational  requirements. 

(10)  To  give  guidance  on  suitable  assignments  for  controllers  on  completion  of  their  training. 

Assessments  during  training  can  be  classified  as  objective  or  eubjoctive.  fho  former  relate  to 
measures  on  quantitative  dimensions,  such  as  delays  to  aircraft,  or  number  and  duration  of  infringements 
of  separation  minima  between  airoraft.  These  measures  make  most  sense  if  they  form  part  of  a  standard 
batteiy  of  tests,  always  presented  under  the  same  conditions  at  the  same  stage  of  training,  bo  that  norms 
of  performance  are  built  up,  and  the  scores  of  aaoh  individual  can  be  interpreted  not  merely  ao  indices 
of  his  own  rate  of  progress,  but  also  in  comparison  with  his  peers.  The  scores  themselves  should  be 
impartial,  and  not  in  any  way  dependent  on  the  person  who  doeB  the  Bcoring. 

Thie  latter  source  of  bias  is  endemic  in  subjective  assessments.  These  are  generally  supervisor's 
ratings.  Whether  they  are  formalised  by  defined  topics  on  each  of  whioh  a  rating  is  required,  or  remain 
informal  in  that  the  supervisor  ohooses  his  own  words,  they  aro  notorious  for  poor  reliability1 39,  which 
is  not  improved  greatly  by  altering  the  time  scale  over  which  the  ratings  ore  made.  Somo  improvements  are 
possible  by  thorough  training  of  the  assessors,  but  not  to  the  extent  of  curing  tho  problem  of  unre¬ 
liability.  Different  supervisors  or  controllers  are  still  liable  to  give  substantially  different 
ratings  of  the  same  individual  doing  the  same  tasks.  Correlations  between  those  making  ratings  in  this 
way  are  generally  so  low  as  to  leave  most  of  the  varianoe  unexplained.  This  is  not  becauso  of  ary  lack 
of  integrity,  impartiality  or  effort  on  the  part  of  those  making  the  ratings  but  a  reflection  of  tho 
inherent  subjectivity  of  the  dimensions  on  which  the  ratings  aro  mado.  It  also  relatoo  to  the 
difficulty  in  defining  a  good  controller  and  i.n  specifying  tho  attributes  that  are  sought,  and  their 
relative  importance. 

A  requirement  for  both  subjective  and  objective  maasuros  is  that  the  assessments  should  provide 
quantitative  evidence  or  scaled  ratings,  and  not  bo  expressed  simply  as  a  paso  or  a  failure.  To  take  no 
account  of  the  degree  of  success  or  failure  in  assessments  is  to  evolve  a  very  blunt  instrument  which  does 
not  lend  itself  to  much  sharpening,  livery  measure  should  aim  not  mo  roly  to  separate  success  from  failure 
but  to  differentiate  among  those  who  suoceed  and  among  those  who  fail. 

There  is  a  further  possible  form  of  bias  in  assessments  during  training.  Ratings  can  becomo  self- 
fulfilling  prophecies.  Instructors  form  views  about  the  individuals  thoy  train,  and  tins  is  inevitable 
and  in  many  reapoctB  helpful  because  the  instructor's  views  are  formed  on  the  basis  of  much  relevant 
knowledge  and  experience.  However,  it  ie  often  striking  how  early  during  training  the  instructor's  views 
on  individuals  have  apparently  become  entrenched,  (lice  set,  their  views  are  susceptible  to  the  inherent 
human  characteristic  to  notice  and  emphasise  evidence  whioh  apparently  reinforces  attitudes  already  held, 
and  its  counterpart  to  discard,  fail  to  notice,  or  misinterpret  any  contrary  evidence.  This  is  not  a 
matter  of  wilful  bias,  and  cannot  be  wholly  countered  by  exhortations  against  it  or  by  training  to  pre¬ 
vent  it.  The  practical  point  in  that  in  a  context  where  early  impressions  of  unknown  predictive  value 
can  be  so  readily  formed  and  actod  upon,  subjective  assessments  which  could  be  biased  by  ouch  impressions 
should  be  eschewed  wherever  possible,  in  favour  of  objective  assesrments  free  from  that  source  of  bias. 
The  need  to  validate  these  subjective  judgments  from  the  point  of  view  of  their  predictive  value  for  the 
selection  of  controllers  has  already  been  discussed.  Although  it  ia  easier  to  make  subjective  than 
object ivo  assessments,  and  although  a  full  range  of  suitable  objective  assessments  may  not  be  immediately 
to  hand,  there  is  ample  evidence  ■3hi142)  that  appropriate  measures  can  be  devised,  and,  subjoct  to 
validation,  much  more  extensive  ubb  uhould  be  mads  of  them  in  assessments  during  training. 

Although  the  use  of  objective  Measures  can  be  extended,  thoy  cannot  cover  adequately  every  aspect  of 
training  assessment.  Some  attributes,  ouch  as  a  propensity  to  panic  in  crisis  or  acceptability  to 
colleagues,  may  remain  subjective.  Independent  assessments  by  several  instructors,  or  assessments  by 
others  who  make  no  direct  contribution  to  teaching,  may  holp  to  increase  reliability,  and  even  if  they  do 
not  they  increase  the  apparent  fairno3e  of  the  assessments  if  they  aro  scrutinised  critically.  Contin¬ 
uous  freqvent  assessments  during  training  are  likely  uo  give  a  more  representative  view  than  rare  brief 
assessments,  though  the  latter  may  have  valix:  by  showing  the  individual's  reU.-  'uility  when  subject  to 
Btrain.  Whenever  real  aircraft  aro  flown  for  air  traffic  control  training  purposes  the  opportuiity 
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should,  be  taken  to  make  assessments  of  emotional  state  and  relevant  aspects  of  personality  since  a 
controller’s  subsequent  difficulties  m  shouldering  the  full  responsibility  for  the  control  of  real 
aircraft  may  first  be  hinted  at  with  real  aircraft  during  training.  Wore  detailed  records  of  the  kinds 
of  mistakes  made  during  training'  thoir  frequency,  and  the  aaoixit  of  learning  needed  before  they  could 
be  overcomo,  might  provide  further  useful  indices  of  training  p'f'ogreso,  to  be  incorporated  into  assess- 
ments.  The  ability  of  the  controller  to  do  a  task  which  the  instructor  has  just  demonstrated  and 
explained  might  provide  a  further  baoiu  for  assessment.  V/liatover  approach  is  followed,  somo  standardi¬ 
sation  is  essential  in  the  tasks  on  which  individuals  are  assessed,  in  tho  conditions  under  which  the 
tasks  are  done,  and  in  their  scoring. 

To  standardise  assessments,  it  seems  necessary  to  have  some  means  of  onauring  that  training  conduc¬ 
ted  at  different  facilities  is  comparable  in  quality  and  content,  so  that  tho  controller  is  neither 
advantaged  nor  penalised  by  tho  facility  at  which  he  happened  to  be  trained.  This  aspect  of  standardi¬ 
sation  joints  to  come  form  of  centralised,  universal,  independent  tosting  and  assessment  authority. 

12e  THE  UELIAUILITY  AND  VALIDITY  01-’  TRAINING  PKOOKDUKKJ 

A  lew  years  ago,  one  verdict  ^39  about  training  for  en  route  and  terminal  controllers  in  the  United 
States  was  that  “there  is  evidence  that  training  is  not  standardised  at  tho  facilities,  that  training 
times  given  to  various  topics  differ  between  facilities,  that  somo  procedures  specified  by  the  curriculum 
are  inconsistent  with  others  in  tho  curriculum,  that  qualification  standees  are  interpreted  differently 
at  various  facilities,  and  that  somo  teaching  materials  do  not  conform  to  current  operational  practices". 
This  report  goes  on  to  note  that  there  are  deep-rooted  longstanding  disagreements  about  the  value  of,  and 
desirable  emphasis  on,  various  forms  of  training,  and  that  objective  and  impartial  evidence  is  needed  to 
resolve  these  disagreements.  Nevertheless  there  was  clearly  the  general  view  that  training  on  the  whole 
is  appropriate  and  does  fit  the  controller  for  his  tank. 

Many  of  tho  misgivings  about  the  suspect  reliability  und  validity  of  selection  procedures  apply  with 
equal  force  to  training.  Porhaps  of  overriding  importance  is  the  purpooc  of  training  -  to  produce 
controllers  who  will  prove  to  bo  safe  and  efficient  in  tho  long  term.  The  purpose  of  training  is  net 
simply  to  complete  training  successfully.  It  is  tempting  to  treat  the  completion  of  training  as  an  end 
m  itself,  and  to  judgo  the  value  of  assessments  taken  during  training  solely  in  torms  of  thoir  ability 
to  predict  who  will  complete  their  training  successfully  and  who  will  not-  While  this  should  not  be 
ignored,  assessments  during  and  at  the  end  of  training  should  be  correlated  with  subsequent  progress, 
including  supervisors’  and  peers*  ratings  of  competence,  promotions,  attrition,  and  other  quantifiable 
data  of  relevance,  to  establish  their  long-term  predict ivv  value.  All  the  quantifiable  assessments 
during  training  should  bo  examined  to  establish  their  prediotive  value  as  a  conglomerate  and  i ndividually , 
with  particular  reference  to  those  which  are  used  to  influence  tho  dociciono  on  the  xind  of  air  traffic 
control  job  tor  which  each  individual  seems  most  fitted. 

Training  procedures  may  be  unreliable  simply  becauso  they  are  inconsistent  and  differ  a  great  deal 
Ootween  one  facility  and  another.  Thoy  may  also  become  unroliablo  if  they  liavo  to  be  changed  drasti¬ 
cally  to  oopo  with  groan  sudden  imbalances  between  supply  and  demand,  from  whatever  cause.  Training 
procedures  may  be  invalid  for  any  of  tho  following  reasons :  they  do  not  teach  what  is  necessary;  they 
are  as  the  wrong  lovel  of  detail*,  they  emphnaioo  roto  learning  and  u  series  of  disconnected  examples, 
rather  than  Insight,  understanding  and  tho  practical  application  of  principles j  they  teach  aubjocto  in 
the  wrong  ordor  or  with  the  wrong  relative  importance  and  priorities;  they  teach  procedures  that  are 
obsolete  on  equipment  that  io  out  of  date;  they  teach  in  an  onvi ronmont  so  dj fferont  from  real  air  traffic 
control  that  tho  ability  to  perform  a  task  in  training  does  not  guarontco  an  equivalent  ability  in  real 
life.  Most  of  these  sources  of  training  inadequacy  uro  familiar  to  inutructor3,  who  may  bo  powerless  to 
do  much  to  circumvent  them  in  tho  absonco  of  direct  know led ge  of  tho  validity  of  tho  training  being 
given.  Just  becauso  a  particular  training  schedule  produces  controllers,  it  does  not  follow  that 
improved  training  could  not  produce  bettor  controllers:  indeed  it  almost  certainly  would.  Put  as  long 
as  wo  have  no  objective  moons  for  reco/jnioing  better  controllers,  and  especially  for  quantifying  how  much 
better  they  are  and  for  explaining  exactly  why  they  aro  bettor  even  if  wo  manage  to  produce  thorn,  so  we 
havo  no  means  of  recognising  valid  training  improvements,  of  quanti lying  them,  or  of  explaining  them. 

It  is  not  !oiown  how  much  tho  validity  of  the  training  of  air  traffic  controllers  could  bo  improved.  It 
is  not  oven  possible  to  cite  a  quantitative  figure  to  state  what  tho  validity  of  the  current  training 
procedures  io. 

There  appear  to  be  some  tacit  assumptions  about  tho  relationships  between  the  various  possible 
measures  of  validity  in  training-  If  chan  gee  in  training  are  introduced  and  they  lead  to  a  reduction 
in  attrition  rat  og r  it  does  not  follow  that  the  quality  of  the  accepted  controllers  is  better,  or  that 
tho  controllers  who  aro  still  being  rejected  are  the  ones  wno,  in  tho  long  term  interests  of  air  traffic 
control,  should  be  rojocted.  Supporting  evidence  is  needed  for  such  conclusions.  If  those  who  obtain 
the  highest  assessments  at  tho  end  of  thair  training  do  not,  during  thoir  subsequent  careors,  prove  to  be 
better  cont ro Hero  on  avorago  than  those  who  were  borderline  passes  at  the  end  of  training,  perhaps  coma 
of  the  controllers  who  failed  would  liavo  boon  as  good  as  many  of  those  who  passed.  Y/ork  t-->  quantity  tho 
reliability  and  validity  of  air  traffic  control  training,  and  to  settle  such  issues,  is  urgently  ncedod. 

121*  THAI  NINO  I mi  NEW  TASKS 

because  air  traffic  control  demands,  equipment,  system  design,  responsibilities,  and  oven  objectives 
chaiv^e  from  tunc  to  time,  now  tasks,  or  major  changes  in  existing  tasks,  must  occur,  for  whicn  appro¬ 
priate  training  hae  to  be  devised  and  implemented.  If  the  wholo  concept  of  the  air  traffic  control  system 
is  revised  drastically,  or  important  new  forme  of  automated  assistance  are  providod,  then  the  envisaged 
roleu  for  tho  man  may  become  very  different  as  a  conoeauonce,  particularly  if  tho  man  is  expected  to 
adapt  hio  roles  to  the  demands  of  the  rovisod  system  Training  for  new  tasks  should  be  introduced  as 

the  new  tasks  arise.  Evaluations  of  new  functions  should  include  the  testing  and  optimisation  of 
training  for  them.  Horne  guidance  would  then  be  available  on  appropriate  training,  contont  and  techniques 
when  the  training  schedule  for  the  tasks  was  being  set  up. 
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In  practice,  these  commonoeose  ideals  are  seldom  realised.  Training  lags  behind  operational  needs. 
Logically,  training  facilities  should  be  the  second  to  receive  now  equipment  required  for  new  tasks. 

Sin oo  training  should  precede  operational  use,  training  facilities  need  the  now  equipment  ahead  of  the 
operational  environments,  til ly  evaluation  facilities,  where  the  viability  and  practicality  of  the  new 
tanks  and  new  equipment  aro  established,  need  to  recoivo  new  equipment  before  training  facilities  do, 
since  if  the  equipment  and  tasks  are  rejected  for  operational  use  ao  the  result  of  an  evaluation  the 
need  to  install  thorn  in  training  units  does  not  arise.  XI  it  dies  arise,  training  comes  neat. 

The  links  between  evaluation  and  training  could  often  be  strengthened,  with  benefits  to  both.  The 
derivation  and  proving  of  adequate  training  procedures  for  now  equipment  and  now  tasks  should  be  a 
regular  part  of  their  evaluation,  to  which  those  professionally  concerned  with  training  Bhould  contribute. 
Training  for  new  tasks  must  be  compatible  with  the  broad  training  schedule,  and  not  devised  and  tested 
without  regard  to  it.  The  emphasis  in  an  evaluation  of  new  equipment  or  a  new  task  may  be  to  prove  its 
feasibility  or  to  quantity  performance  attained  with  it:  in  either  ease,  the  answer  may  depend  on  the 
kind  of  training  deviood  for  the  evaluation  and  on  the  efficacy  with  which  it  has  been  carried  out.  The 
evaluation  itself  may  point  the  way  to  training  difficulties  which  would  have  to  be  resolved.  Its  design 
should  soek  to  reveal  such  difficulties  and  to  explore  solutions  to  them,  just  as  it  seekB  to  discover 
inadequacies  in  equipment  or  in  task  performance  and  explores  means  to  circumvent  them. 

Currently  the  usual  emphasis  in  evaluations  is  to  devise  training  ar.d  familiarisation  wholly 
spocific  to  the  evaluations  themselves  ao  distinct  from  subsequent  operational  conditions.  The  training 
adopted  may  bo  based  largely  on  grounds  of  expediency,  to  minimise  the  time  whe' .  the  system  is  on  line 
for  training  but  not  providing  useful  evidence  for  evaluation  purpoeos .  Alternative  training  techniques 
are  not  explored  routinely.  It  is  difficult  to  gauge  if  the  findings  of  the  evaluation  might  have  boen 
different  had  the  training  for  it  been  altered.  Sometimes  there  is  retrospective  evidence  that  Borne 
partici pants  in  evaluations  have  never  understood  oorrootly  the  intended  fimctions  of  some  facilities  or 
the  full  implications  of  some  tasks.  Better  integration  of  evaluation  and  training  might  help  to  ensure 
that  this  could  not  happen. 

It  has  not  yet  proved  possible  in  the  training  for  many  new  air  traffio  control  tasks  to  take  full 
advantage  of  the  multiplicity  of  training  techniques  now  available,  nor  to  relate  their  efficacy  to  the 
known  principles  for  the  learning  and  retention  of  new  information.  Training  should  normally  continue 
for  somewhat  longer  that  it  does,  especially  on  the  final  phase  using  the  moot  diffioult  material  which 
normally  requires  the  greatest  practice  before  it  has  bean  mastered.  The  value  of  demonstrations  aimed 
at  insight  into  the  relevant  variables  ofton  seems  to  bo  underestimated.  In  the  past  the  main  reason 
was  often  tliat  simple  dynamic  demonstrations  were  not  technically  feasible,  but  the  advent  of  micro¬ 
computers  offers  enhanced  opportunities  for  demonstrations,  and  olso  for  training  for  now  tasks  within 
a  realistic  dynamic  air  traffio  control  environment  rather  than  in  isolation.  Human  factors  advice  on 
training  for  now  tacks  covers  the  following  brood  topics: 

(1)  Tho  specification  and  validation  of  the  most  appropriate  training  toohniques. 

(2)  Tho  optimum  use  of  evaluations  for  deriving  guidolinoo  for  training. 

(3)  The  pousible  contributions  of  training  to  evaluations. 

(4)  Tho  level  of  proficiency  to  bo  attained,  and  suitable  tests  for  moasuring  the  proficiency 
actually  achieved. 

(5)  Tho  most  effective  criteria  for  establishing  that  training  iB  complete. 

(6)  The  content,  pace,  and  duration  of  training. 

(7)  The  material  appropriate  for  training,  its  ordor  and  presentation,  and  its  range  of  difficulty. 

(8)  Tho  sources  of  errors,  delays,  confusions  and  misunderstandings  which  will  arise  during 
training,  and  the  suocosc  of  various  methods  for  allowing  for  or  circumventing  their 
consequences. 

(9)  The  prooablo  foaming  curve  and  the  expected  range  ol'  individual  differences  in  performance, 

(10)  The  need  for,  ar.d  probable  effectiveness  of,  extra  training  to  counter  inadequacies  in 
individuals,  and  the  most  efficacious  oxtra  training  techniques. 

(11)  Tho  extent  to  which  training  in  a  new  task  can  bo  done  successfully  in  isolation,  the  noed  for 
training  in  an  air  traffic  control  setting,  and  tho  complexity  of  the  setting  required  to 
achieve  tho  training  objectives. 

(12)  Tho  successful  integration  of  training  for  new  tasks  with  training  for  existing  ones,  and  the 
influence  of  new  tasks  or  procedures  on  tho  reliability  and  validity  of  training  as  a  whole. 

(13)  The  principles  and  practicality  of  automated  a;ds  to  training  in  now  tasks,  and  the  types 
of  aid  most  likeT  tj  be  offoctivo. 

(14)  The  relevant  underlying  psychological  abilities  and  attributes  on  which  the  new  tasks  depend, 
and  the  feasibility  of  using  toots  of  those  to  select  those  suitable  for  training  in  the  new 
tasks . 
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1 2g  RETRAINING 

Re-training  can  become  necessary: 

(1)  If  a  major  aspect  of  tho  system  itself  or  the  equipment  or  tasks  within  it  is  changed. 

(2)  If  a  controller  moves  to  another  air  traffic  control  job. 

(3)  If  the  performance  of  an  individual  controller  is  waning  or  could  be  improved. 

Many  of  tne  main  guiding  principles  for  re-training  have  been  discussed  in  relation  to  the  content 

of  training  courses,  assessments  of  training,  and  training  for  new  tasks.  Obviously  the  controller  who 
is  already  experienced  uses  his  experience  as  the  basis  for  new  learning  during  re— training.  The 
extent  of  re-training  required  therefore  depends  on  how  closely  the  task3  resembl9  those  he  has  done 
before,  on  how  long  it  is  since  he  has  done  them,  on  the  extent  to  which  they  have  changed  in  the  mean¬ 
time,  and  on  the  extent  to  which  he  himself  has  changed.  However,  re-training  poses  one  class  of 
problem  not  encountered  in  initial  training,  namely  the  need  to  forget  or  not  follow  certain  familiar 
functions,  as  well  as  the  need  to  learn  new  ones.  This  is  the  source  of  some  of  the  difficulties  which 

older,  more  experienced  controllers  may  encounter  during  re-training,  if  many  of  their  overleamed  and 

very  familiar  actions  and  skills  have  to  be  discarded  because  they  are  no  longer  appropriate.  This  is 
one  context  whore  practical  knowledge  about  the  most  effective  means  for  training  to  forget  would  be  a 
real  help  if  it  existed. 

As  far  as  possible,  retraining  should  seek  to  develop  skills  which  are  either  essentially  the  same 
as  previous  ones  or  are  quite  new.  Tasks  that  are  a  complex  amalgam  of  familiar  and  novel  activities 
may  encourage  the  extension  of  existing  practices  beyond  the  point  where  they  are  still  apposite, 

because  the  t".v-sition  between  old  and  new  is  too  smooth  and  unobtrusive  and  too  easily  made  out  of 

habit.  This  transition  may  lead  to  a  reversion  to  familiar  but  inappropriate  actions,  especially  under 
high  workload  or  stress  when  their  immediate  consequences  may  be  most  dire.  There  is  much  to  bo  said 
for  tho  perpetuation  of  existing  ski  11b  whenever  possible  in  revised  systems,  because  x*e  —training 
problems  are  minimised  and  the  aocaptabi lity  of  the  revisions  is  enhanced.  Where  this  perpetuation  of 
skills  is  not  possible,  the  occasions  when  new  actions  could  gradually  or  imperceptibly  revert  to  old 
habits  should  be  clearly  defined  and  severely  discouraged,  preferably  by  altering  the  system  design  to 
make  the  reversion  impossible  or  highly  obtrusive.  It  is  vital  that  tho  controller  cannot  do  anything 
dangerous  out  of  sheer  absent mindednesa,  forgetting  for  the  moment  that  he  is  in  the  new  system  and  not 
in  tho  old  one.  Re-training  must  addi  .as  this  problem, 

A  return  to  the  fundamentals  of  task  analyses  can  facilitate  re-training,  especially  if  a  controller 
iB  changing  his  job.  Differences  and  similarities  between  jobs,  or  between  the  same  jobs  in  different 
places,  can  be  revealed  by  taak  analysed,  and  used  to  speoify  whore  existing  skills  and  knowledge  will 
remain  relevant  and  where  new  learning  must  take  place.  The  degree  and  loous  of  similarity  between  the 
old  and  the  new  become  apparent  when  tho  respective  task  analyses  are  compared.  Sources  of  potential 
confusion  between  them  can  be  identified  where  the  similarities  are  partial  but  incomplete.  Re-training 
can  then  be  direoted  to  achieve  the  correct  balance  between  the  entrenchment  of  existing  skills  and 
knowledge  which  remain  relevant,  the  acquisition  of  new  skills  and  knowledge  where  needed,  tho  extinction 
of  old  ways  and  habitQ  which  no  longer  have  any  place  in  the  revised  system,  and  the  clear  separation  of 
new  and  old  where  the  interactions  between  them  are  confused  or  vague. 

Re-tr-aining  occurs  extensively  wherever  the  controller’s  new  job  is  very  different  from  his  old  one, 
especially  if  he  no  longer  is  an  active  controller  but  occupies  a  managerial  position  or  is  concerned 
with  hardware  or  software.  Here  the  approach  to  re-training  may  be  exactly  the  same  but  should  not  be. 
Granted  that  it  is  essential  for  the  man  to  learn  during  re-training  the  ski  11b  and  knowledge  that  his 
new  position  requires,  it  is  not  desirable  that  he  should  forget  his  former  skills,  since  it  is  partly 
on  the  basis  of  them  that  he  has  been  appointed  to  his  new  role.  They  remain  relevant  there,  and 
complement  rather  than  clash  with  his  new  responsibilities.  Therefore  some  re-training  of  managers  and 
others  to  keep  their  skills  as  controllers  alive  should  be  ser.ously  considered  at  intervals.  Reminders 
of  their  attitudes  when  they  wore  controllers  would  not  be  untoward  and  would  help  to  reassure  controllers 
that  their  needs  woro  understood. 

12h  AUTOMATION  IN  TRAINING 

The  impact  of  automation  on  air  traffic  control  training  lias  increased  for  two  distinct  reasons. 
Training  techniques  roly  more  on  various  forms  of  automation  as  aids  to  learning.  Many  of  tho  functions 
for  which  the  man  is  trained  are  themselves  substantially  automated. 

Gome  automation,  albeit  primitive,  is  an  essential  ingredient  of  much  air  traffic  control  training, 
once  it  has  progressed  beyond  strictly  procedural  control  methods  based  on  flight  3tnps.  The  needs  to 
generate  z‘adar  displays,  tabular  information  displays,  traffic  samples,  communications,  and  representa¬ 
tions  of  pilots,  and  the  requirement  to  provide  knowledge  of  results,  all  lead  towards  automated 
assistance.  Efforts  to  standardise  training  and  to  assess  training  progress  objectively  likewise 
point  towards  the  automatic  generation,  presentation,  and  scoring  of  standardised  air  traffic  control 
tasks  and  problems. 

Tho  advent  of  the  microcomputer,  with  its  associated  displays  and  facilities  to  generate  tasks  and 
to  rolato  adaptively  to  the  man  while  he  is  learning,  has  opened  new  vistas  of  air  traffic  control 
training  whore  the  man  sits  at  a  terminal,  interacts  with  a  computer,  and  gains  in  knowledge  and 
experier.ee  using  programmes  of  air  traffic  control  instruction  which  adapt  to  suit  his  individual  needs 
as  he  goes  along.  Largo  computer  systems,  with  remote  terminals,  may  fulfil  a  similar  purpose,  otudents 
do  not  always  use  automated  aids  ir*  the  ways  intended.  A  potential  advantage  of  tho  individual  instruc¬ 
tion  offered  to  a  student  at  a  terminal  is  chat  weaker  students  can  supplement  the  standard  classroom 
laboratory  simulation  and  group  tuition  with  extra  individual  study  and  practice  at  the  terminal, 
directed  specifically  towards  tho  tasks,  procedures  ana  instructions  which  present  them  with  difficulties 
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and  employing  computer  dialogues  matched  flexibly  to  their  knowledge  and  needc.  Unfortunately  it  can 
be  difficult  to  prevail  on  the  weaker  students  who  need  this  experience  most  to  use  the  terminals  in 
their  own  time  independent ly  in  this  way*  In  practice  it  is  often  the  most  able  students  who  need  extra 
training  leasx  who  make  most  use  of  such  individual  training  aide.  To  some*  even  friendly  computers 
seem  daunting. 

When  automated  aids  are  used  in  this  way,  the  air  traffic  control  problems  presented  are  usually 
variants  on  a  theme,  progressing  in  complexity  in  stages  subject  to  the  successful  solution  of  the 
problems  at  each  stage.  The  problems  are  already  flexible  in  response  to  the  man’s  requirements.  A 
further  feasible  stage  using  microcomputers  is  to  allow  the  man  to  formulate  his  own  problems  as  well  as 
work  out  solutions  to  problems  presented  to  him.  It  can  be  a  salutary  experienoe,  and  a  well-remembered 
lesson,  to  formulate  a  problem  and  then  be  unable  to  solve  it.  An  advantage  of  tuition  at  individual 
terminals  is  that  immediate  knowledge  of  the  consequences  of  each  decision  can  be  provided  to  the 
controller  as  the  outcome  of  hi  a  actions  unfolds  before  him. 

Automated  aids  to  training  can  extend  the  ways  in  which  learning  is  reinforced  by  insight  into  the 
effects  of  actions.  It  is  possible  for  an  instructor  to  demonstrate  the  solution  to  an  air  traffic 
control  problem  and  then  for  the  student  to  demonstrate  that  he  too  can  solve  the  same  problem.  A 
problem  can  be  developed  dynamically  and  then  stopped  by  freezing  it  on  the  display  while  discussions  are 
held  on  how  it  has  arisen,  how  it  could  have  been  prevented,  and  how  it  must  now  be  solved.  Various 
solutions  may  be  advanced,  and  eaoh  tried  in  turn  to  show  its  effectiveness  and  to  demonstrate  the 
further  problems  that  it  may  lead  to.  The  student’s  own  performance  can  be  recorded  and  replayed  to  him, 
and  stopped  while  the  instructor  points  out  his  successes  and  failures.  The  reason  for  the  latter  can 
also  be  clarified.  The  instructor’3  solution  to  a  problem  at  which  the  pupil  has  failed  can  then  be 
given  and  also  replayed  with  explanations.  To  make  different  points,  a  problem  oan  be  replayed  as  often 
as  necessary.  Suoh  automated  aids  offer  great  flexibility,  build  on  each  individual’s  strengths  while 
revealing  hiB  weaknesses,  give  insight  into  the  implications  of  decisions,  and  bolster  the  individual’s 
confidence  ty  adapting  the  pace  of  progress  to  his  abilities. 

It  is  also  possible  to  look  at  the  same  problem  from  different  points  of  view.  A  confliot  resolu¬ 
tion,  for  example,  may  be  treated  from  the  different  points  of  view  of  the  various  aircraft  in  potential 
confliot.  The  crucial  importance  of  quite  minor  aspects  of  a  problem  to  the  correct  solution  to  it  oan 
be  demonstrated  by  taking  similar  problems  which  differ  only  in  that  minor  aspect,  and  showing  that  the 
correct  solutions  differ.  For  example,  in  conflict  resolution  a  point  may  be  reached  where  an  airoraft 
con  no  longer  bo  turned  safely  behind  another  to  resolve  a  potential  conflict.  The  small  difference 
between  the  circumstances  when  a  turn  is  or  is  not  a  practical  solution  oan  be  perceived,  and  training 
in  the  necessary  judgments  can  bo  achieved,  by  the  use  of  automated  training  aids  whioh  permit  problems 
to  be  generated  and  presented  to  order,  and  small  variants  in  them  to  be  specified. 

In  training,  and  in  man-computer  dialogues,  the  computer  is  generally  friendly.  This  means  that  it 
does  not  stop  for  no  apparent  reason,  and  doo3  not  give  a  peremptory  indication  that  its  operator  has 
made  on  error,  without  also  providing  some  help  by  describing  the  nature  of  tho  error  in  some  detail  and 
preferably  by  suggesting  a  remedy.  It  is  also  kindly,  courtooua  and  inx'initely  patient  in  its  dealings. 

If  sorely  triod  it  does  not  become  upset,  and  at  the  very  worst  merely  becomes  sharply  huncroua.  While 
this  commendable  idealised  computer  personality  may  bo  helpful  to  facilitate  training  and  to  encourage 
the  operator’s  ability  and  confidence  to  embark  on  constructive  man-computer  dialogues,  it  means  that 
some  aspeots  of  training  must  remain  incomplete,  and  others  may  not  transfer  well  to  real  life.  Perhaps 
this  principle  can  bo  carried  too  far.  In  the  later  stages  of  training  there  may  be  a  place  for  tho 
cantakerous  computer,  which  has  only  a  limited  toleranoo  of  errors  and  naive  mistakes,  whioh  complains 
about  complex  solutions  to  problems  when  simpler  onos  are  available,  which  questions  manoeuvres  that  are 
apparently  unnecessary,  and  which  sometimos  takes  much  longer  than  usual  to  respond  to  instructions. 

Such  a  device  in  the  later  Btageo  of  training  might  injeot  a  note  of  realism,  and  help  to  prepare  the 
budding  controller  for  real-life  problems  that  lie  ahead. 

Same  oont rollers  have  to  be  trained  to  work  in  highly  automated  air  traffio  control  environments, 
where  the  mon-machine  interface  used  for  training  is  similar  in  complexity  and  equipment  to  its  real- 
life  countorpax’t .  These  controllers  may  also  have  to  be  trained  to  cope  with  very  high  traffic  demands, 
since  some  of  the  difficulties  they  will  encounter  only  occur  under  suoh  conditions,  motors  ouch  as 
team  struoture,  co-ordination  and  liaison  may  change  when  everyone  becomes  very  busy.  Each  controller 
may  become  much  more  autonomous,  vr.th  little  time  to  keep  himself  informed  about  his  colleagues’ 
activities.  The  content  and  format  of  air  traffic  control  messages  may  also  bo  different  uidor  pros sure . 
Tho  controller  must  bacome  farm  liar  with  such  effects  so  that  he  does  not  meet  them  for  the  first  time 
under  real-life  severe  pressure  and  under  operational  oiroumstanoes.  Team  training  should  be  able  to 
help  to  prepare  the  controller  for  those  changes  as  demands  increase.  Tho  more  automated  real-life  air 
traffio  oontrol  systems  become,  the  more  air  traffio  oontrol  training  must  employ  simulated  systems 
capable  of  an  equivalent  degree  of  automation. 

A  further  impact  of  automation  on  training  is  in  the  recording  and  scoring  of  each  controller’s 
progress  throughout  training.  In  the  future  much  of  this  could  become  automated.  Automation  offal's  more 
impartial  means  of  assessment,  but  it  also  permits  much  more  frequent  as  sob  ament  a,  and  more  detailed 
records  of  progress.  It  may  also  be  used  to  reoord  the  incidence  and  correotion  of  speoifio  faults 
during  training.  In  most  training  contexts,  there  is  still  heavy  reliance  on  eubjeotive  assessments  by 
instructors,  and  those  may  never  be  replaced  entirely  because  certain  attributes  of  the  controller  would 
be  very  difficult  to  assess  in  any  other  way,  but  automated  training  techniques  do  offer  far  more  objec¬ 
tive  evidence  of  progress  as  well  as  ready  comparisons  between  individuals,  between  facilities,  between 
courses,  and  between  training  years.  They  may  also  offer  anonymity  of  assessments  whioh  may  prove  to  be  a 
boon,  both  to  render  any  logaliotic  accusations  of  bias  demonstrably  false,  and  to  ensure  that  assessments 
cannot  be  influenced  excessively  by  early  impressions  which  lead  to  favourable  or  unfavourable  attitudes 
by  instructors  towards  individuals,  with  self-fulfilling  prophecies  of  success  or  failure.  Suspicions  of 
bias  may  be  unfounded,  but  it  would  still  be  advantageous  to  have  a  sure  way  of  demonstrating  that  they 
are.  Greater  automation  of  asseBsmonts  may  well  offer  this  advantage. 
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HUMAN  FACTORS  IMPLICATIONS  OF  CON  DITIONS  OF  EMPLOYMENT 
13a  THE  MANAGEMENT  OF  OOfTROLUSHS 

Air  traffic  controllers  have  acquired  a  reputation  for  being  difficult  to  manage.  Whether  this 
reputation  can  he  substantiated  depends  largely  on  the  point  of  viev;  adopt od.  If  controllers  arc 
employed  by  national  governments,  then  they  may  he  less  ainonahle  to  active  managerial  airaccion  than 
many  of  their  fellow  government  employees,  especially  if  Guch  direction  can  ho  conatrued  as  interference. 
If  controllers  uro  viewed  a3  part  of  the  aviation  community  and  related  to  other  groups  within  that 
community  such  no  pilots,  then  thoir  reputation  for  being  difficult  to  manage  may  appear  much  less 
deoorvod. 

Stylos  of  management  vary,  according  to  national  air  traffic  contx’ol  policioe,  norms  for  aoooptablo 
management  practices  in  different  countries,  conditions  of  air  traffic  control  (especially  military  or 
civil),  and  local  and  individual  interpretations  of  managerial  functions.  The  quality  of  management  of 
air  traffic  control  appears  no  more  uniform  throughout  the  world  than  the  quality  of  management  of  most 
other  international  professions,  and  there  is  little  reason  to  expect  it  to  bo.  However,  two  additional 
factors  can  be  identified  in  relation  to  air  traffic  control  and  its  management ,  which,  if  not  unique  to 
air  traffic  control  (they  may  well  apply  also  to  pi  lota  for  example),  may  nevertheless  help  to  explain 
some  of  the  problems  that  scorn  to  ocour:  one  concerns  tho  selection  and  training  of  controllers^  the 
other  atoms  from  air  traffic  control  as  a  profession. 

In  so  far  as  the  selection  and  training  of  controllcro  havo  validity,  they  encourage  tho  formation 
and  development  of  certain  attributes  m  controllers.  Those  include  the  ability  to  act  decisively,  t.o  bo 
self-reliant,  persistent,  and  Be lf-conf ideut ,  and  to  be  firm  rather  than  vaoci  Hating*  Thoy  also  inolude 
the  abilitioa  to  seek  the  justification  of  actions  in  to  mo  of  reasons  rathor  than  to  take  things  for 
granted,  to  requii-e  confirmation  and  verification  and  not  to  act  on  assumptions,  to  silt  essentials  from 
inessentials,  and  to  evolve  tactics  and  strategies  independently.  Further  characteristics  inclixlo  tho 
ability  to  solve  probloms  oneself  rathor  than  to  accept  imposed  solutions,  to  value  most  the  aspects  or 
work  that  use  professional  knowledge  and  give  opportunities  to  exercise  skills,  and  to  boliovo  in  tho 
vital  impoidanco  of  tho  work  and  in  tho  uniqueness  of  the  skills  that  it  requires*  Controllers  may 
also  learn  to  value  moat  highly  the  professional  opinions  of  their  immediate  colleagues  whom  they  see  as 
best  placed  to  make  informed  judgments  about  the  competence  of  air  traffic)  control  providod,  and  thoy 
may  loam  to  idontif/  moot  cloooly  with  those  who  belong  to  the  same  team,  by  being  at  the  uaino  suite, 
on  tho  samo  watch,  or  in  the  Kamo  uir  traffic  control  facility.  It  should  come  au  no  surprise  tliat 
people  selected  and  trained  to  process  such  attributes  might  not  be  tho  mevt  amonablo  to  managerial 
directives*  Thoy  can  be  expected  to  question  decisions  that  uyolily  thorn  and  demand  to  know  the  reasons 
for  thorn,  They  may  also  tend  to  discount  as  frivolous^  reasons  which  seem  to  thorn  to  bo  only  obliquely 
relevant  to  thoir  functions  au  controllers,  but  which  may  novortholons  bo  central  to  management  who  must 
take  account  of  other  things.  Controllers  may  bo  roluctont  to  concede  that  those  who,  in  thoir  eyes, 
lack  up-to-dato  practical  experience  of  air  traffic  control  or  practical  skill  in  it,  could  pocsibly  bo 
knowledgeable  enough  to  tiiko  managerial  decisions  about  it,  particularly  those  which  havo  a  direct 
bearing  on  tho  controllers  work.  Thoy  may  lament  iivuingorial  fai  lui*o  to  understand  their  needs,  to 
accodo  to  thoir  roqucutn,  or  to  kocp  thorn  as  fully  informed  of  future  developments  as  they  would  like  to 
be.  They  may  fool  tlmt  the  equipment  with  which  they  must  work,  and  thoir  conditions  of  employment,  fall 
far  short  of  wliat  thoy  need  and  dosorvo,  bocauuo  of  tho  importance  of  thoir  work  and  the  skills  noeded 
for  it.  In  short,  tho  kind  of  attributes  sought  and  dovoloped  in  tho  successful  controller  seem  to  be 
those  characteristic  of  peoplo  who  would  be  difficult  to  manage. 

Oio  method  f»r  examining  tho  relative  status  of  air  traffic  control  an  a  job  in  each  nation  is  to 
note  the  minimum  entry  qualifications  for  a  controller  there,  the  typical  pay  of  a  controller  in  inid 
caroer,  and  a  few  further  conditions  of  employment,  and  then  compile  a  list  of  other  jobs  which  in  those 
oho  son  respects  aro  roughly  equivalent  to  air  traffic  control,  l/hon  thin  is  done,  it  is  striking  how 
much  tho  lists  for  different  countries  disagree.  Tho  status  of  air  traffic  control  as  a  job  is  far  from 
uniform  throughout  tho  world.  On  tho  whole,  a  he  higher  tho  status  of  controllers  in  a  nation,  tho  more 
air  traffic  contx’ol  in  tliat  nation  aosumos  tho  hallmarks  of  a  profession,  as  distinct  from  a  trade  or  job, 
although  there  are  inovitably  some  exceptions  to  ouch  a  glib  generalisation. 

In  a  profession,  the  norms  and  atundards  of  acceptable  performance,  and  a  professional  ethic,  tend  to 
ariso  from  wit  I'd  n  the  profession  itself  and  bo  maintained  by  it.  They  arc  resiutant  to  chungo  by 
exhortation  or  direction  from  outside  tho  pro  fens  ion,  which  is  interpreted  as  interference  and  often 
resented  or  dismissed  as  a  sign  of  ignoranco.  Members  of  a  profession  clone  ranlcc  when  challenged,  to 
dofond  tho  integrity  of  professional  standards  and  practices  and  their  profcooior.al  pride  whorovor  these 
appear  to  bo  questioned  or  slighted.  The  attitudes  of  oach  individual  to  his  conditions  of  ompl  jymont  are 
strongly'  influenced  by  his  p*-  oecional  colleagues,  but  ho  gains  oati  o  fact  ion  from  tho  work  itself,  to  the 
oxtont  that  many  members  of  .*ic  profosoion  would  be  unwilling  to  do  any  other  job.  In  tho  case  of  air 
traffic  control,  all  members  of  the  profession  are  expoctod  by  thoir  colleagues  to  oubtscribo  to  the  need 
to  maintain  a  good  air  traffic  control  service  v;horovor  pooinbU-  and  to  be  competent  to  do  ai,  oven  when 
thoy  consider  that  theix*  conditions  of  employment  and  aii'  traffic  control  oquip.mnt  are  disgraceful. 

Tho  lovcl  of  performance  actually  achieved  in  therefore  depondant  to  p  considerable  oxtont  on 
professional  norms  rathor  than  on  tho  equipment  or  f>n  management  decisions.  This  can  ba  both  a  (strength 
and  a  weakness.  With  a  strong  uerce  of  res  pons  i  bi  lity  to,  and  identification  with,  the  profession  and  the 
,]ob,  a  controller  may  make  a  very  groat  effort  to  provide  a  safe,  efficient  find  satisfactory  air  traffic 
control  service,  even  when  tho  oquipmont  is  inadequate  and  tho  conditions  of  employment  arc  poor.  But  if 
for  any  reason  controlloru  no  longer  identify  cloooly  with  air  traffic  control  an  thoir  profession,  no 
longer  care  about  air  traffic  control  and  take  pride  in  it,  and  no  longer  fool  tliat  they  owe  any  alleg¬ 
iance  to  it,  then  thoir  achieved  performance  may  deteriorate  without  any  change  in  tho  air  traffic 
contx’cl  ay  stem  itself,  if  that  performance  liac  been  propped  lip  by  adherence  to  professional  norms  and 
standards  that  have  gone.  Everyone  would  bo  tho  looor  if  ouch  a  situation  wore  allowed  to  develop. 


Ill 


These  attributes  of  air  traffic  control,  which  are  not  peculiar  to  it  but  can  be  found  in  other 
professions,  aro  the  source  of  some  management  problomo.  because  management  and  controllers  look  at  air 
traffic  control  somcwliat  differently,  differences  and  mi o unde rot endings  are  almost  bound  to  arise 
between  them  from  time  to  time  concerning  what  should  be  achieved  and  what  is  of  fundamental  importance. 
When  such  disputes  arise,  it  does  not  follow  that  ono  side  or  another  must  be  wrong.  Usually  both  aides 
aro  right,  given  their  different  perspectives,  interests,  and  terms  of  reference.  Tho  differences 
between  them  must  therefore  be  reconciled  by  full  knowledge  on  the  part  of  both  uidcs  about  all  the 
interests  that  have  to  bo  considered  by  building  on  common  interests,  and  by  agreeing  on  the  long-term 
objectives  of  the  furtherance  of  air  traffic  control  which  all  aliaro* 

An  important  aspect  of  professional  norms  and  standards  is  that  their  origins  may  bo  apparent  only 
to  those  within  tho  profession,  and  sometimes  not  clear  oven  to  them.  Consequently  a  woll-moant  manage¬ 
ment  proposal  can  inadvertently  touch  on  3ensitivo  inaucs  for  the  controller,  and  receive  an  unexpec¬ 
tedly  sharp  rebuff.  The  motives  for  such  a  proposal  can  all  too  roadily  bo  misconstrued  by  controllers 
in  their  turn,  as  a  failure  to  understand  thoir  needs  and  give  them  tho  equipment  they  should  have,  or 
as  an  attempt  to  curtail  their  responsibilities.  In  such  oi r o urns t once o  where  mis understandings  can 
arise,  rolationa  botweon  controllers  and  management  can  become  prickly,  controllers  can  acquire  tho 
reputation  of  being  difficult  to  manage  and  unresponsive  to  management  suggestions,  and  management  can 
bo  seen  by  controllers  as  out-oi'-touoh  with  real  air  traffic  control.  When  in  the  l’aco  of  i.ncreaaing 
demands,  air  traffic  control  must  o Volvo  to  maintain  a  sati u factory  air  traffic  control  oarvioe  using 
various  kinds  of  now  aids,  many  occasions  for  argument  at  cross -purpoocs  arc  potentially  preedit* 

Goodwill  on  both  sides,  and  a  bettor  insight  into  the  origins  of  misunderstandings,  may  offer 
prospects  for  progrouo *  Manage r.wnt -controller  relations  arc  good  in  some  countries.  Tho  collaborative 
techniques  which  have  been  successfully  dovolopcd  to  achiovo  this  could  be  examined  to  see  if  they  would 
bo  applicable  whore  relations  are  poor. 

13b  CONSULTATION  WITH  CQNTUOLLEUS 

The  oxtont  to  which  control loro  should  participate,  and  are  able  to  participate,  in  mnnagcmonb 
decisions,  and  particularly  in  tho  spooi fi cation  of  future  systems  and  tasks,  in  a  contont.ious  subject. 
National  policies  differ.  It  is  clear  from  thoco  policy  difforcncoc,  which  havo  led  to  maiy  kinds  of 
controller  participation  being  tried  on  an  cxporimonlal  bacia,  that  tlioro  is  no  oimplo  solution  to  this 
issue,  or  at  leant  none  that  has  yot  boon  found.  To  suggest  that  manage ra,  prograimnors,  and  tho  teohnical 
staff  in  air  traffic  control  should  bo  drawn,  partly  or  exclusively,  from  the  rnnka  of  controllers, 
scorns  to  have  some  iogio,  although  it  lias  boon  notod  in  vc  lat  ion  to  so  loot  ion  that  these  difforont  jobs 
may  call  for  difforont  oklilo  mid  attributes.  The  contention  that  managers,  programmers  and  tooluiical 
staff  must  bo  former  controllers  cannot  be  supported  by  existing  ovidmicaj  nor  can  it  be  refuted*  The 
limited  rolovnnb  evidonco  can  be  interpreted  in  more  than  ono  way:  if  thoro  is  a  conclusion,  it  iu  tiiat 
tho  iocuo  is  not  in  fuel  as  important  as  it  is  often  claimed  to  bo. 

In  some  countries  procedures  for  consultation  between  management  cuid  controllers  linvo  boon  formal¬ 
ised*  This  Is  in  general  successful,  but  thorn  aro  two  main  kinds  ol‘  difficulty,  ftio  is  that  tho  terms 
of  rofcroncc  may  scorn  unduly  constrained,  particularly  from  the  point  of  view  of  tho  control. lore1 
ruproaentativuu .  Tho  other,  a  difficulty  mainly  for  manage  mont ,  is  tiiat  many  Issues  that  coat  rollers 
wish  to  discuua  nuiy  not  in  1‘aot  lie  within  tho  powers  or  jurisdiction  of  manugernant,  although  it  may  socm 
to  conti'ollcrs  that  they  do. 

Tho  typo  of  consultation  most  likely  to  be  productive  concomn  factual  and  roadily  quantified 
questions ,  such  as  conditions  of  service,  remuneration,  aspects  of  the  physical  working  environment,  and 
the  i mplsmontation  of  national  regulations  about  workplaces*  Anothor  productive  form  of  consultation  can 
be  the  formation  of  a  team  or  working  party  with  management  ar.d  cent ro Her  roprementutivoo,  and  wits 
other  representation  such  as  technical  staffs  also  whore  they  are  relevant,  tasked  with  a  specific  func¬ 
tion  for  a  known  timescale.  This  approach  cun  work  well  as  ono  uta/^o  in  tho  conversion  of  a  broad  plan 
for  a  now  an*  traffic  control  facility  into  a  detailed  cpoci  fi  cation,  llvoryono  who  partici  pates  can 
learn  a  great  deal  from  such  an  experience,  including  increased  toloranco.  However,  it  involves  much 
painstaking  effort,  a  willingness  to  compromise,  and  tha  ability  to  put  before  any  sectional  interoot 
the  common  object ivo  of  a  good  and  efficient  air  traffic  control  system  ao  a  wholo.  The  members  of  such 
a  collaborative  team  have  to  bo  chosen  with  earn  and  rr.ay  noed  some  special  training  since  not  evoryone 
is  ablo  to  understand  and  follow  the  processus  by  which  a  system  iu  specified.  This  kind  of  function 
hao  t ho  advantage  of  a  clear  end  product  which  must  bo  agroed  and  understood  by  all  team  members  who  may 
bo  aakea  to  j  us  fc  i  L'y  and  dofond  it  to  others.  The  team  is  strengthened  by  this  collective  responsibility 
and  by  evidonco  of  tangible  progress  in  the  form  of  partial  or  tentative  draft  spec.i  fi  cations . 

Mffcctivo  consultation  between  management  and  controllers  seems  most  difficult  to  achieve  when  the 
end  product  is  more  vague,  and  rocourso  has  to  bo  made  to  opinion  rather  than  fact.  In  topics  such  as 
morale,  job  satisfaction  and  attitudes  to  computer  assistance,  it  is  difficult  to  recognise  whon  all  that 
can  bo  achieved  by  consultation  has  in  fact  been  achieved,  often  because  it  ncomo  so  little.  Hopes  of 
major  benefits  can  be  raised,  only  to  bo  dashod.  Tangible  findings  and  actions  us  u  result  of  consul¬ 
tation  may  bo  oluuivo.  lack  of  progroso  can  bo  attributed  ovor-roadi  ly  to  wilfulncso.  Consultation  on 
such  topics,  which  should  in  theory  be  highly  productive,  runs  the  risk  of  ontronohing  misunderstandings, 
and  the  participants  should  bo  forewarned  not  to  expect  too  much.  Most  attempts  to  employ  consultation 
to  examine  attitudes,  job  satisfaction  and  allied  notions  in  air  traffic  control  havo  not  boon  as 
successful  as  expected;  although  it  is  probably  worth  porai sting  with  thorn,  consultation  may  not  bo  tho 
most  fruitful  approach,  It  may  bo  hotter  to  tackle  ouch  problems  on  a  research  or  a  consultancy  basis 
using  specialists  who  can  bo  soon  by  both  Didos  to  bo  independent. 

In  principle,  the  more  consultation  the  bettor  between  management  mid  controllers.  It  in  however, 
cseontiul  that  such  consultation  iu  baoed  on  a  realistic  appraisal  of  what  is  both  possible  and  practical, 
and  doe  11  not  presume  that  anything  and  everything  iu  negotiable  and  c;m  bo  chan/ted.  lfactoro  ouch  aa 
coni,  equipment  reliability  and  availability,  and  timescales  moan  that  the  ideal,  oven  it  can  bo  specified 
and  agreed,  io  often  unattainable,  and  consultation  should  not  bo  used  by  either  sido  as  a  delaying 


tactic.  Where  regular  consultation  does  not  already  exist,  it  is  advisable  to  start  with  quantifiable 
straightforward  issues  where  useful  unambiguous  agreements  can  be  reached  and  implemented,  The  basis  of 
goodwill  and  trust  established  in  this  way  can  be  a  real  asset  when  consultation  is  extended  to  more 
difficult  issues,  The  extent  of  this  basis  of  mutual  rogard  should  guide  the  pace  at  which  the  process 
of  consultation  is  expanded. 

13c  THE  WEEDS  OF  MAW  AT  WOKiC 

The  cornucopian  studies,  theories  and  prognostications  about  the  needs  of  man  at  work  have  produoed 
abundant  blossoms,  all  shallow  rooted  and  apt  to  spread  uncontrollably  until  hedged  about.  The  very 
concept  of  "needs"  has  acquired  diverse  connotations  because  it  features  prominently  in  some  theories 
and  not  at  all  in  others.  Many  a  notion  naa  been  propounded  in  such  detail  that  a  whole  textbook  has 
been  devoted  to  its  ramifications.  Every  theory  lias  boon  baaed  on  selected  evidence,  and  none  has  yet 
gained  universal  acceptance  or  seems  about  to  do  so.  Each  theory  has  some  supporting  evidonce  and  also 
some  refitting  evidence  which  oven  its  most  ardent  advocates  find  diffioult  to  rocohoilo  with  it  if  they 
make  the  attempt,  bindings  about  the  needs  of  man  at  work  have  been  generalised  too  often  and  too  far. 

The  underlying  assumption,  that  all  those  at  work  share  common  neoda  which  the  work  must  fulfil,  looks 
facile.  Some  needs  appear  to  depend  more  on  characteristics  of  the  individual  person  or  group,  or  on 
the  nature  and  conditions  of  tho  work  itsell'9  than  on  any  universal  want,  and  others  could  be  satisfied 
outside  the  work  environment  as  well  as  within  it.  Unfortunately,  many  postulated  needs,  taught  as 
dogma,  have  led  to  practical  attempts  to  satisfy  them  in  contexts  whore  thoy  do  not  apply.  The  results 
have  therefore  boon  disappointing. 

Studios  of  human  nead3  at  work  have  soldom  addressed  air  traffic  control  specifically.  This  conveys 
an  advantage  because  their  findings  can  be  looked  at  afresh  from  the  point  of  viow  of  the  characteristics 
of  controllers,  of  their  taska,  of  their  work  environment,  and  of  their  conditions  of  employment.  When 
■these  needs  are  examined  from  the  point  of  view  of  air  traffic  control,  a  li3t  can  be  compiled  of  the 
identifiable  human  needs  at  work  that  seem  most  relevant  to  air  traffic  control  and  most  probably 
applicable  to  it.  Thi3  list  ia  given  below,  untrammelled  by  theoretical  constraints* 

(1)  Thore  should  be  work  to  do,  preferably  in  a  maintained  flow  and  especially  without  long  periods 
of  onforcod  idleness, 

(2)  Tho  work  should  require  come  skills,  particularly  liigher  order  skills  which  aan  continue  to 
do va lop  and  be  ref i nod  and  improved  for  a  very  long  time. 

(3)  The  work  may  involvo  considerable  routine,  but  should  not  be  exclusively  routine,  and  at  least 
a  substantial  minority  of  the  work  should  require  skills,  some  of  which  should  be  cognitive 
ski  11s. 

(4)  The  work  should  be  designed  so  that  it  is  possible  to  learn  it,  to  rocoj'iiiso  when  it  has  boon 
learned  suooauu fully,  and  to  have  some  inuight  into  the  learning  process  while  it  ia  taking 
place. 

(5)  Tho  work  must  offer  opportunities  to  oxcrcioo  tho  skills  that  linvc  boon  learned,  end 
occasions  when  tlioao  skills  cun  be  rehearsed  to  demonstrate  that  they  have  been  maintained. 

(6)  Tho  oxoroiso  of  skills  should  not  merely  be  to  confirm  to  the  individual  that  lie  still  possesses 
them,  but  the  work  should  be  organised  co  that  there  are  opportunities  for  the  individual 
during  tho  natural  course  of  his  work  to  make  his  skills  apparent  to  others,  and  especially  to 
hiu  immediate  colloagucu. 

(7 )  Skills  should  bo  quite  complex,  cuid  improve  took,  performance  discernably  whenever  they  are 
exorcised,  to  the  extent  that  the  general  proficiency  of  an  individual  at  hio  job  can  be 
gauged  from  hio  skilled  performance. 

(U)  Uome  oe peats  of  tho  job,  or  some  tasks,  not  noccsoarily  those  which  oocur  very  frequently, 

should  represent  a  challenge  to  the  individual,  oven  when  ho  ia  fully  skilled,  but  thin  should 
be  a  challenge  which  ho  can  meet  successfully  by  the  application  of  his  specialised  skills  and 
know  lodge  in  extended  and  non -routine  ways, 

(9)  To  respond  to  challenges  and  to  perform  tasks  efficiently  at  all  timos,  it  should  bo  neoeusary 
for  the  individual,  even  when  employing  old llo,  to  have  to  make  a  considerable  effort  from  tiuiu 
to  time  and  to  givo  hio  whole  attention  to  the  work,  so  that  ho  cannot  loam  to  d<‘  ovory 
facet  of  hio  work  oat  i  a  factor!  ly  without  trying  hard. 

(10)  The  work  should  be  of  intrinsic  Into  rest  to  the  individual  doing  it,  00  that  to  some  extent  ho  is 
an  ontlnuiact  for  it  and  takes  pride  in  it. 

(11)  Au  far  aa  podGiblo,  tho  work  should  be  doni/pied  so  that  tho  man  is  highly  motivated  to  do  it, 
looks  forward  to  work  rather  tlian  dreads  it,  and  is  willing  tc  try  to  do  it  weil  at  all  times. 

(12)  Although  some  tasks  may  inevitably  bocomo  repetitive,  routine  and  tedious,  their  level  of 
difficulty,  tho  challenge  they  present,  tho  effort  thoy  require,  and  tho  consequent  typical 
levels  of  activity  of  tho  individual  while  performing  them  should  bo  sufficient  to  ensure  that 
boredom,  if  it  occurs,  in  transient  and  never  a  permanent  feature  of  the  work. 

(13)  The  tank  domandu  should  ideally  keep  the  man  busy  but  not  over  stretched,  with  some  control 
over  hiu  own  worKload,  and  without  exceeding  his  capabilities  when  ho  is  working  as  hard  as  he 
can  ruid  using  hie  skills  to  the  full,  and  the  peak  uoo  of  hi s  capabilities,  though  it  should 
occur  uccasi onally,  should  not  become  a  rogular,  unavoidable,  and  sustained  feature  of  his 
work. 
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(14)  Task  demands  should  never  be  so  excessive  as  to  make  the  man  desperate  or  panicky,  and  should 
not  induce  any  prolonged  or  semi -permanent  anxiety,  though  some  transient  and  mild  anxiety 
may  not  be  harmful  or  unsafe  as  long  as  its  cause  can  be  overcome  by  the  exercise  of 
appropriate  skills. 

(15)  Sources  of  undue  stress  Bhould  be  avoided  wherever  possible,  especially  ambiguous  situations 
in  which  it  is  not  olear  what  the  correct  action  is  or  what  options  are  available,  and 
observed  symptoms  of  stress  should  occur  only  rarely  under  exceptional  circumstances  where 
they  are  a  normal  rather  than  on  abnormal  reaction  to  the  task* 

(16)  Trie  man  needs  to  know  from  the  work  itself  that  he  is  doing  it  well,  and  therefore  it  should  be 
designed  to  show  the  implementation  of  his  instructions,  the  offccts  of  his  actions,  and  his 
positive  achievements. 

(17)  The  man  needs  to  believe  that  Ms  job  has  value  and  is  worth  doing,  and  he  therefore  should 
have  aome  indication  of  the  place  of  hie  job  within  the  whole  system,  the  ways  in  which  his 
roles  and  aotions  interact  with  those  of  others,  and  the  circumstances  where  his  own 
successful  contribution  had  a  crucial  significance. 

(18)  The  man*s  knowledge  of  the  outcome  of  his  actions,  whether  it  comos  from  the  system,  from  Ms 
own  task  performance  and  its  own  effects,  or  from  other  people,  should  be  clear  and 
unambiguous,  either  in  the  form  of  praise  or  blame,  and  should  refer  specifically  to  events 
and  actions  and  not  take  the  form  of  any  general  or  apparently  arbitrary  praise  or  condemna¬ 
tion. 

(19)  Some  work,  or  its  products,  should  be  sufficiently  public  to  afford  the  man  an  incidental 
opportunity  to  assess  the  compotanoc  of  his  colleagues  and  to  allow  them  to  assess  his 
competence* 

(20)  Thero  should  be  sufficient  direct  evidence  to  the  man  about  his  level  of  acMevoment  during 
and  alter  the  performance  of  Ms  tasks  lor  him  to  develop  self-esteem  in  tho  knowledge  tliat 
the  job  is  within  his  capabilities  and  is  important. 

(21  )  When  the  man  works  not  in  isolation  but  a3  a  member  of  a  tean^  the  tasks  should  be  designed  so 
that  each  team  member  has  a  distinot  and  worthwhile  contribution  though  not  necoeaari  ly  an  inde¬ 
pendent  contribution,  to  make;  each  individual  assigned  to  the  team  should  bo  capable  of 
functioning  effectively  as  a  team  member,  mid  the  criteria  that  must  be  mot  in  order  to  bo 
aooepted  as  a  full  member  of  tho  team  should  be  clour. 

(22)  A  functioning  team  devolops  its  own  norms  and  standards  of  performance,  expectations,  group 
attitudes,  and  group  solidarity,  and  team  tasks  should  cncourago,  by  their  allocation  of 
roles  and  responsibilities,  the  full  participation  of  every  team  member  in  these  group 
activities  whioh  consolidate  Ms  accoptanco  and  acceptability  as  a  member  of  the  team  and 
help  him  to  identity  with  it. 

(23)  If  possible  there  should  be  some  flexibility  in  tho  amount  of  social  contact  which  the  work 
entails,  30  that  individuals  with  strong  needs  for  independence  or  with  strong  noods  for 
group  membership  and  conformity  can  still  be  accommodated  successfully  within  a  functioning 
team. 

(24)  jobs  should  not  be  designed  so  that  any  individual  can  bccoino  wholly  isolated. 

(25)  It  should  be  eas^  for  supervisors  and  management  to  notice  and  praise  individuals  or  teams, 
and  to  point  out  clearly  why  they  have  been  singled  out  for  favourable  comment:  it  should 
be  equally  easy,  if  the  need  for  unfavourable  comment  arisoc,  to  mako  it  clear  whom  suoh 
comment  is  dir8otcd  at,  so  that  it  is  not  inadvortently  extended  to  those  to  whom  it  does  not 
apply. 

(26)  Tasks  should  bo  sufficiently  open  to  others  and  particularly  to  colleagues  who  are  knowledge¬ 
able  about  them,  to  facilitate  rather  than  impede  the  development  of  professional  norms  and 
standards ,  to  allow  everyone  to  iorm  a  view  of  the  standards  of  performance  that  are  a 
tolerable  minimum,  thoso  that  represent  the  normal,  and  those  to  which  they  should  aspire  as 
being  high  but  attainable:  the  individual  needs  to  be  able  to  place  his  own  performance  in 
this  context  from  time  to  time. 

(27 )  Tho  man  neods  to  believe  that  he  con  have  some  influence  over  decisions  which  affect  his  work 
directly,  particularly  those  concerned  with  now  aids,  new  roles,  new  tasks,  and  changes  in 
statue  and  rooponoibi litioa:  he  therefore  tends  to  resent  any  changes  made  without  consulting 
him,  no  mattor  what  thair  other  merits,  and  to  welcome  any  opportunities  to  put  forward  his 
own  point  of  view,  on  the  understanding  tliat  it  will  be  taken  sorio’sly  and  if  practicable 
have  ooms  influence. 

(28)  The  man  noeds  to  have  oomo  evidence  from  hio  job,  its  performance,  his  working  conditions  and 
his  management  about  his  prospects  and  oarecr,  particularly  to  help  him  to  form  realistic 
aspirations. 

(29)  Tho  man  noods  reaa 0111*01100,  and  if  possible  evidence,  that  no  aspect  of  Mo  work  environment, 
the  equipment  in  it,  his  activities,  or  his  tasks  can  be  harmful  to  him  or  impair  his  health 
or  well-being  in  any  way. 

The  above  identifiable  needs  are  not  of  equal  importanco.  From  tho  point  of  view  of  most  control- 
lei's,  none  is  trivial.  From  tho  point  of  view  of  the  safety  and  efficiency  01  the  air  traffic  control 
oy atom,  none  is  of  uver-riding  significance,  These  noeds  aro  intended  to  indicate  desirable 
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attributes  o f  the  tasks  and  working  conditions  of  controllers  which  can  be  influenced  direct ly  or 
indirectly  by  decisions  on  the  planning,  design  and  implementation  of  systems,  tasks  or  conditions  of 
employment.  The  list  of  needs  may  also  help  to  furnish  explanations  of  puzzling  difficulties,  and  may 
point  to  possible  i/ays  of  resolving  them.  The  importance  accorded  to  the  needs  of  man  at  work  is  partly 
a  matter  of  policy  and  judgment,  partly  an  outcome  of  the  style  of  management  and  the  extent  to  which 
needs  have  already  been  recognised  and  allowed  for,  and  partly  the  result  of  factors  outside  air  traffic 
control  such  as  the  effects  cf  levels  of  unemployment  on  the  propensity  of  controllers  to  resign.  Per¬ 
haps  in  air  traffic  control  as  a  whole,  the  importance  of  trying  to  satisfy  human  needs  in  the  work 
environment  lias  been  underestimated,  but  this  does  not  mean  that  air  traffic  control  should  emulate 
other  contexts  where  the  importance  of  satisl^ing  human  needs  and  aspirations  has  been  overstated. 

13d  CAREER  STRUCTURE 

If  there  is  a  policy  to  fill  management  posts  from  the  ranks  of  controllers  or  to  retrain  control¬ 
lers  for  technical  jobs  or  as  computer  programmers,  then  the  controller  may  have  more  than  one  career 
outlet  and  his  career  structure  may  depend  partly  on  special  skills  and  abilities.  Otherwise  the 
career  of  the  air  traffic  controller  is  characterised  by  quite  rapid  progress,  by  training,  experience 
and  courses,  to  a  career  grade,  beyond  which  relatively  few  controllers  can  expect  to  progress  because 
higher  posts  are  go  few  that  opportunities  for  promotion  are  rare.  Even  if  controllers  can  fill 
managerial,  technical  or  programming  jobs,  their  career  prospects  may  still  he  restricted  because  these 
posts  are  not  numerous  compared  with  the  number  of  controllers  eligible  for  them.  Progress  in  the  form 
of  higher  seniority  on  moving  to  a  larger  air  traffic  control  unit  may  be  an  integral  part  of  the 
controllers'  career  structure  which  is  unattractive  to  them  if  they  believe  that  the  rewards  are  not 
commensurate  with  the  upheaval. 

A  problem  can  arise  if  the  predictive  value  of  selection  and  training  assessments  for  subsequent 
career  advancement  is  low.  Although  this  lack  of  predictive  value  may  be  well  known  to  management,  it 
may  not  be  to  individual  controllers.  Those  placed  near  the  top  of  their  course  on  completion  of 
training  may  therefore  form  career  aspirations  then  that  are  unrealistic.  Eventually  the  mismatch 
botween  these  aspirations  and  subsequent  achievements  may  lead  to  disillusionment  and  bitterness.  It  is 
important  for  controllers  to  be  reconciled  to  their  actual  career  opportunities,  in  much  the  same  way 
as  they  must  accept  shift  work  and,  in  some  countries,  regular  movements  to  different  air  traffic  con¬ 
trol  facilities,  a3  aspects  of  their  job.  This  is  a  more  produc+ive  attitude  than  constant  battling 
against  conditions  that  cannot  bo  changed  much.  It  is  not  quite  true  that  the  ambitious  man  should  not 
become  an  air  traffic  controller,  but  it  is  not  advisable  to  become  an  air  traffic  controller  in  order 
to  realise  ambitionu  for  career  advancement.  The  limited  opportunities  for  career  advancement  make  it 
all  the  more  important  to  try  and  satisfy  the  needs  of  man,  particularly  for  self-esteem,  motivation 
and  aspirations,  by  the  air  traffic  control  job  itself  and  the  conditions  under  which  it  is  done,  since 
these  needs  are  unlikely  to  be  satisfied  by  the  career  structure.  ThiB  limited  career  structure  is  very 
common  in  air  traffic  control  throughout  the  world,  and  the  prospects  for  offering  enhanced  promotion 
prospects  Or  career  development  are  not  encouraging.  The  situation  may  however  be  markedly  different 
in  military  air  traffic  control,  where  career  prospects  are  better,  and  the  career  structure  is  more 
apparent.  Advancement  there  however  may  depend  primarily  on  individual  attributes,  "officer  qualities", 
and  be  little  related  to  ability  auanair  truffle  controller. 

If  most  controllers  find  air  traffic  control  itself  so  satisfying  that  they  do  not  wish  to  leave 
it,  even  for  an  administrative  job  within  air  traffic  control,  this  can  simplify  the  problems  of 
building  a  realistic  career  structure  for  the  remainder  whose  ambitions  lie  elsewhere.  Perhaps  better 
guidance  could  be  given  on  the  attributes  sought  in  career  advancement,  other  than  experience  and 
seniority.  The  predictive  value  of  success  as  a  controller  for  subsequent  success  as  an  administrator 
should  be  established,  as  it  could  be  helpful  as  a  guide  to  suggest  how  closely  careers  in  air  traffic 
control  or  in  its  admi nitration  and  management  should  bo  integrated. 

13e  WORK -REST  CYCLES 

Working  hours  are  studied  in  air  traffic  control  because  of  their  actual  or  potential  effects  on 
safety  or  efficiency  or  on  the  well-being  of  controllers.  Many  studies,  originally  conducted  in  an 
impartial  Bpirit  of  scientific  enquiry,  have  been  re-interpreted  to  bolster  arguments  for  or  against 
existing  or  proposed  rosters,  watches,  duty  hours,  rent  intervals,  sleep  patterns,  or  payments  for 
overtime  or  work  at  unsocial  hours.  Evidence  about  working  hours  can  readily  be  distorted  if  it  is  not 

considered  as  a  whole  but  the  convenient  bits  of  it  are  singled  out  while  the  inconvenient  remainder  ic 

ignored. 

Work -rest  cycles  and  rosters  are  an  emotive  topic  in  air  traffic  control.  The  human  factors 
specialist  is  not  often  aBked  for  an  impartial  assessment  of  all  the  relevant  evidence,  but  for  any 
available  carefully  selected  findings  that  could  poBQibly  support  a  stance  that  is  proving  difficult 
to  defend.  Although  he  may  look  aokance  at  such  requosts  from  any  source,  since  they  are  difficult  to 
reconcile  with  his  impartiality,  even-handedness,  and  scientific  integrity  that  must  be  preserved  at 
all  coots  if  his  own  role  is  not  to  be  jeopardised,  nevertheless  in  practice  such  requests  are  not  as' 

embarrassing  as  they  could  be.  The  reason  is  simple.  Despite  many  laboratory  findings  on  the  poten¬ 

tially  adverse  effects  of  major  disruptions  of  circadian  rhythms,  of  long  hours  of  continuous  work,  or 
of  inadequate  sleop,  in  real  life  tasks  these  effects  are  generally  noticeable  by  their  absence.  The 
evidence  is  overwhelming  that  working  hours,  unless  they  are  in  some  respects  extreme,  do  not  have 
major  effects  on  air  traffic  control  or  on  controllers. 

Many  lactore  may  be  highly  relevant  in  determining  what  tho  working  hours  ought  to  be,  but  effic¬ 
iency,  safety,  and  well-being  are  not  among  the  most  important.  At  first  sight  this  seems  odd,  even 
perverse.  There  are  three  fundamental  straightforward  reasons  to  explain  it.  One  is  human  adaptability, 
impressive  in  many  circumstances  but  especially  so  in  relation  to  work-reat  cycles  where  they  are  a 
normal  and  familiar  aspect  of  a  demanding  job  that  is  liked.  A  secona  reason  is  that  air  traffic 
control,  consisting  mainly  of  cognitive  taFks  with  a  high  storage  load,  epitomises  the  type  of  job  most 
resistant  to  disturbance  by  erratic  work-rest  cycles.  The  third  reason  is  that  if  work -root  cycleo 


do  become  so  extreme  as  to  begin  to  affect  performance  it  in  peripheral  and  incidental  unmeasured 
aspects  of  it  tliat  are  most  likely  to  be  influenced,  rather  than  the  more  readily  measurable  escential  core 
of  the  work.  A  further  explanation,  a  matter  of  expediency  rather  than  principle,  is  that  the  longest 
periods  of  continuous  work  in  air  traffio  control  are  generally  associated  with  the  times  of  lightest 
traffic  demand. 

When  proposals  to  alter  working  hours,  shifts  or  rosters  are  discussed,  human  factors  evidence  cannot 
normally  be  used  conclusively,  either  to  support  the  proposals,  or  to  defend  existing  arrangements.  It 
is  usually  neutral.  Unless  a  very  major  change  is  contemplated,  controllers  will  almost  certainly  be 
able  to  adapt  to  the  new  hours  and  rosters  as  woll  as  they  did  to  the  old.  Consequently,  changes  in 
efficiency,  safety  or  well-being,  either  for  good  or  ill,  are  equally  improbable  as  a  result  of  changes 
in  work-rest  cycles  unless  these  become  extreme.  Of  course,  acceptability  is  another  matter.  Calient 
considerations  in  determining  acceptability  are  the  number  of  whole  days  off  work  that  a  revised  roster¬ 
ing  would  provide  as  comparod  with  the  existing  number,  the  extent  to  which  controllers  can  plan  ahead 
knowing  when  they  will  or  will  not  be  at  work,  and  changed  differentials  between  the  hours  of  work  or 
work-rest  cycles  of  controllers  and  those  of  other  groups  with  whom  controllers  have  traditionally 
enjoyed  parity  or  a  clearly  defined  fixed  comparative  relationship,  changes  in  rostering  which  convey 
advantages  in  any  of  these  terms  may  be  favoured  as  strongly  as  other  changes  which  convey  disadvantages 
in  these  terms  would  be  resisted. 

Ifeviews  of  air  traffic  control  practices  in  regard  to  working  hours  and  -work -rest  cycles^/  describe 
conditions  in  various  countries,  and  usually  claim  that  total  hours  or  maximum  periods  of  continuous 
work  should  both  be  reduced.  They  generally  fail  to  append  data  in  direct  support  of  these  claims.  It 
is  not  usually  possible  to  separate  work-rest  cycles  from  other  variables  such  as  traffio  demands,  in 
order  to  assess  their  respective  effects  on  the  controller  and  on  hie  proficiency.  In  some  countries, 
not  within  NATO,  controllers  can  be  required  to  work  for  very  long  hours  without  a  break  in  conditions 
that  seem  harsh.  Very  diverse  air  traffic  control  working  hours  and  work -rest  cycles  prevail  in  differ¬ 
ent  parts  it  the  world,  ostensibly  without  serious  consequences  for  the  controllers  themselves  or  for 
the  efficiency  and  safety  of  air  traffic  control.  In  general,  scientific  ovidenco  on  this  point  is  not 
strong  enough  to  draw  sound  conclusions. 

Within  the  NATO  countries,  the  typical  working  week  for  controllers  is  about,  40  hours  or  lose  a'  d 
the  maximum  shift  length,  which  usually  falls  during  the  night,  is  typically  of  the  order  of  10  h  ,  a 

figure  to  be  interpreted  with  caution  since  it  may  refer  to  time  at  the  workplace  and  resting  b. 
available  for  duty,  rather  than  time  actually  on  duty.  AIbo  within  these  countrieo,  the  maximum  tjwj  on 
duty  controlling  heavy  traffio  without  any  short  rest  break  is  ofton  about  two  hours,  although  this 
time  may  be  extended  when  traffic  is  light.  Considerable  departures  from  these  typical  figures  of  40 
hours,  10  hours  and  2  hours,  can  and  do  take  place  without  incurring  measurable  effects  on  performance, 
safety  or  well-being,  either  in  the  form  of  improvements  or  decrements.  The  duration  of  a  short  rest 
break  is  often  a  statutory  matter,  although  in  human  factors  terms  it  would  be  bettor  to  settle  it 
empirically.  It  should  allow  adequate  time  to  visit  a  toilet,  obtain  a  hot  drink,  and  spend  a  few 
minutes  in  relaxed  surroundings  other  than  the  workspace.  The  time  allowed  should  logically  depend 
partly  therefore,  on  how  long  it  takes  to  walk  from  the  workspace  to  the  rest  facilities  and  back. 

National  practices  vary  in  regard  to  tho  maximum  duration  of  continuous  shifts .  Evidence  of  per¬ 
formance  decrements  associated  with  longer  continuous  ahi its  doaG  not  exist  in  a  form  which  could  give 
useful,  general,  practical  guidelines  on  tho  optimum  timing  of  rest  intervals.  Perhaps  there  are  no 
performance  decrements  to  be  discovered)  perhaps  no  existing  measures  are  sensitive  enough  to  show  those 
present;  perhaps  potential  decrements  are  counteracted  by  other  factors  such  as  light  traffic.  Some 
findings, which  purported  to  show  decrements  after  shifts  of  about  seven  hours  or  more)  have  not  been 
consistently  supported.  Any  decrements  must  be  subtle,  and  relatively  unimportant  or  localised,  or  they 
would  have  become  apparent  by  now  by  appearing  consistently.  This  conclusion  is  supported  by  other 
evidence,  for  example  on  safety.  Reports  of  incidents  and  acoidentB  are  not  closely  related  to  work -rest 
cycles,  duration  of  watches,  rostering  or  total  hours  worked.  Obviously  the  mathematical  probability 
of  an  incident  or  accident  rises  with  the  number  of  airborne  aircraft  end  with  the  density  of  the 
aircraft  traffic^  but  light  traffic  loading  does  not  bring  immunity  from  air  traffio  control  safety 
hazards.  The  only  slight  relevant  tendency  which  may  be  discerned  in  this  context  -  and  it  is  slight  - 
is  that  rather  more  incidents  may  ocour  3<jon  after  a  watch  change,  but  the  remedy  for  this,  if  there 
is  one,  does  not  lie  in  tinkering  with  shifts  and  work -rest  cycles  but  with  methods  and  timing  of  the 
handover  of  air  traffic  control  responsibilities,  with  full  briefing  of  incoming  controllers  and  with 
the  use  by  ilu.  incoming  controller  of  the  most  efficient  means  for  building  his  picture  of  the  traffic 
as  quickly  as  possible. 

For  a  long  time,  the  emphasis  on  circadian  rhythms,  and  the  laboratory  experiments  on  the  effects  of 
disrupting  them,  suggested  that  the  most  important  consequences  of  this  disruption  were  on  sleep.  This 
finding  was  verified  in  industry  where  it  was  established  that  for  simple  routine  repetitive  tasks  the 
kind  of  work -rest  cyoiee  typified  by  air  traffio  control  were  indeed  more  disruptive  than  a  regular 
daily  pattern,  and  the  typical  recommendation  for  industiy  was  therefore  to  work  several  nights  in 
succession.  Only  relatively  recently  have  properly  controlled  experiments  been  conducted  to  check  that 
this  finding,  or.  which  recommendations  were  at  one  time  made,  was  valid  for  cognitive  higher  level  tasks 
with  strong  reliance  on  memory,  the  cat 0 gory  to  which  air  traffio  control  tasks  belong.  When  tested  the 
finding  did  not  remain  valid  for  these  higher  level  taEks.  Those  who  perform  suoh  tasks  adjusted  most 
quickly  to  shift  changes:  their  performance  is  relatively  unaffected  by  shift  changes  and  by  sleep 
patterns;  and  the  kind  of  rapidly  rotating  shifts  and  associated  sleep  patterns  typical  of  air  traffic 
control  is  probably  the  most  safe,  the  most  effioiont,  and  the  most  healthy1^-*. 

Limited  confirmation  of  these  tentative  findings,  and  of  the  relative  unimportance  for  air  traffic 
control  of  work -rest  cycles  and  the  resultant  sleep  patterns,  came  from  tho  study  of  the  effects  of  two 
shift  rotation  patterns  on  reported  sleep  among  controllers.  Although  the  differences  between  the  work- 
reBt  oycles  in  the  two  patterns  were  gross,  the  effects  on  Bleep,  or  on  anything  else,  were  negli¬ 
gible1^  oven  allowing  for  the  notorious  fallibility  of  subjective  reports  of  amounts  of  sleep.  A  study 


of  stress  also  found,  that  work-rest  cycles  did  not  appear  to  have  any  significant  effects  on  stress  in 
air  traffic  control  either  ^ 

A  few  further  tentative  indications  soora  worth  mentioning.  Individuals  who  are  accustomed  to  shift 
work  and  to  irregular  work-rc3t  cycles  develop  very  successful  long  term  adaptation  to  these  conditions 
and  seem  none  the  worse  for  them,  although  there  remain  large  dix'feroncos  between  individuals  in  their 
ability  to  counteract  drowsiness  or  to  sleep  in  unusual  places  at  unusual  times.  The  temporary  loss  of 
sloep  entailed  by  certain  work-rest  cycles  does  not  seem  to  impair  proficiency  in  the  performance  of 
tasks  such  aa  air  traffic  control.  Horc  likely  to  bo  affected  are  certain  peripheral  aspects  of  the 
work.  The  individual  may  tend  to  become  more  absentminded,  more  careless,  more  clumsy  and  more  irritable 
after  serious  sleep  deprivation.  Whereas  his  ability  to  perform  his  taskB  is  not  impaired,  his  motivation 
to  do  so  is  gradually  reduced.  Job  rotation  may  help  to  sustain  motivation  in  this  context. 

A  mam  factor  in  determining  work -rest  cycles  is  their  acceptability.  A  main  determinant  of 
acceptability  is  the  nurabor  and  grouping  of  complete  days  off  work.  Controllers  may  tolerate,  and  even 
welcome,  quite  arduous  work-rest  cycles  which  increase  the  number  of  whole  days  off.  Their  competence 
and  state  of  alertness  are  influenced  more  by  their  tasks,  traffic  demands,  the  presence  and  proximity 
of  colleagues,  and  involvement  in  toamwork,  than  by  work-rest  cycles. 

Motivation,  morale,  traditional  practices,  professional  norms  and  standards,  agreements  with  col¬ 
leagues,  and  constraints  on  family  life,  are  further  determinants  of  the  accoptabi lity  of  work-rest 
cycles.  The  curtailment  of  unsocial  hours,  though  apparently  beneficial,  may  be  viewed  ambivalently 
or  encounter  resistance  if  it  entails  financial  loss,  particularly  if  there  is  a  substantial  discrepancy 
between  nominal  and  actual  hours  that  have  to  be  worked  during  the  night.  With  rogard  to  work-rest 
cycles,  total  hours  workod,  and  time  off,  thero  may  not  only  be  incompatibilities  between  the  ideal 
roster  from  the  management  point  of  view  raid  the  idoal  from  the  point  of  view  of  the  controllers’ 
official  representatives  in  negotiations,  but  also  incompatibilities  between  the  latter  and  the  true  wishes 
of  individual  controllers,  who  may  not  fully  agroe  among  themselves  what  tho  best  work-rest  cycles 
for  them  would  be. 

13f  OCCUPATIONAL  1IKALTH 

The  individual  members  of  any  profession  may  be  oxpoctod  to  incur  thoir  normal  share  of  illnesses  and 
ailments,  unless  special  factors  intervene.  Come  symptoms  mao  be  caused  or  aggravated  by  the  nature  of 
the  work  or  the  conditions  under  which  it  has  to  be  dono.  Sonin  may  be  rare  in  u  particular  profession 
where  individuals  have  to  pass  a  medical  examination  to  gain  entry  to  it,  and  cortain  medical  conditions 
preclude  acceptance.  Some  may  be  rare  because  an  early  diagnosis  during  annual  medical  examinations 
brings  early  treatment,  or  because  some  form  of  preventative  modi  cine  is  introduced  as  a  condition  of 
employment . 

because  some  wouid-bo  controllers  aro  rejected  on  medical  grounds  during  the  initial  selection 
procedure,  it  might  be  expected  that  controllers  aB  a  whole  would  be  slightly  more  healthy  than  the 
gcnaral  population  from  which  they  are  drawn,  because  a  fow  conditions,  ouch  a3  alcoholism  and  obesity, 
are  activoly  discouraged  in  controllers,  to  the  extent  that  a  persistent Jy  alcoholic  or  obose  controller 
may  lose  his  licence,  controllers  might  be  expected  to  remain  slightly  ahead  of  tho  population  as  a 
whole  in  their  average  general  health. 

Other  factors  may  counteract  this  tendency.  To  the  extent  that  controllers  have  to  work  erratic 
hours,  this  might  be  expected  to  impair  health  slightly  on  averse  if  there  is  any  evidence  that  shift 
work  does  so.  Controllers  have  a  sedentary  occupation,  and  may  therefore  have  to  be  axhortnd  to  take 
sufficient  exercise.  They  may  have  unusual  meal  times,  and  these,  coupled  with  sourcoo  of  stress  at 
work,  may  load  to  stomach  up3cts  or  more  permanent  symptoms  ouch  a3  gastric  ulcers.  The  stress  may  bo 
associated  with  hypertension.  A  strong  impression  of  air  traffic  control  as  a  stressful  occupation  has 
gained  ground,  and  been  tho  subject  of  conferences  and  research  in  several  countries.  Controllers  may 
feel  anxious  and  worry  about  thoir  reuponoibi  litioo  and  tho  to3k  de:nando:  these  worries  moy  persist 
when  they  aro  off  duty,  perhaps  to  bo  alleviated  by  a  stiff  drink  or  a  mild  sodativo.  Tim  controller 
adapts  to  these  palliatives,  and  the  drink  ha3  to  be  stiffer  and  the  sedative  loss  mild  to  maintain  its 
apparently  banoficial  effects.  Kvontually  a  mild  stimulant  may  be  needed  to  counter  the  sedative  beforo 
the  controller  .goes  on  watch.  lie  is  then  caught  ill  a  cycle  that  it  ig  difficult  to  break  out  of.  Ho 
is  aware  of  this  and  his  worries  about  it  aro  added  to  his  original  anxietios  and  aggravate  the  problem. 
These,  or  the  original  worries,  may  trigger  further  psychiatric  or  psychoa  unati c  symptoms.  Ho  may  work 
in  conditions  whore  the  pliysical  environment  -  especially  tomperaturc,  humidity,  and  air  flow  -  is 
designod  to  3Uit  equipment  as  well  as  be  tolerable  to  him.  He  may  find  that  ho  hao  a  dgy  sore  throat, 
headaches,  achoing  eye3,  and  general  malaioo.  dome  of  tho  information  on  his  displays  inay  seem  diffi¬ 
cult.  to  3Ge ,  He  may  need  a  apocially  proscribed  \isual  correction  tailored  to  his  workspace.  Ho  moy 
attribute  the  need  for  opectaclos  or  lonsco  to  deficiencies  in  tho  design  of  his  displays  or  wirkopaoe, 
to  excessive  demands  that  his  tanks  mako  on  him,  or  to  unfavourable  physical  environmental  character¬ 
istics,  rathor  than  to  other  more  probable  causoo  such  as  his  ago. 

There  are  therefore  many  factors  related  to  tho  controllei 's  work  and  working  conditions  which  could 
influence  his  health:  a  few  of  them  are  apparently  in  his  favour  but  moat  of  them  soom  not  to  be.  Many 
of  these  factors  arc  associated  with  modem  ways  of  life  rather  than  specifically  with  air  traffic  con¬ 
trol.  If  they  present  problems,  the  uoiutions  may  not  therefore  be  within  the  province  of  air  traffic 
control,  dome  problems  may  resolvo  thomaclvou.  Ibr  example  those  who  •■j.iuld  suffer  most  from  stress  or 
anxiety  might  find  the  responsibilities  of  air  traffic  control  intolerable  as  a  permanent  feature  of 
their  work  and  leave  soon  after  completion  of  their  training  if  not  before. 

In  reality,  two  facts  stand  out  regarding  the  health  of  air  traffic  controllers.  One  is  that  in 
some  countries  they  do  ueem  to  huvo  somo  particular  houlth  problems  but  in  many  countries  they  arc  about 
as  healthy  as  tile  general  population.  The  other  is  that  if  air  traffic  controllers  as  a  group  do  have 
particular  health  probloms  these  aro  not  tho  same  in  all  countries,  suggesting  that  it  may  not  simply  be 
air  traffic  control  itself  which  causes  occupational  hoalth  problems  among  controllers,  but  other 
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factors  suoh  as  the  physical  work  conditions,  selection  and  training  mothods  and  procedures,  equipment 
and  aids  provided  to  controllers,  or  management  styles. 

Some  incipient  occupational  health  problems  can  be  traoed  to  the  workspace  deaign,  and  remedies  for 
them  must  be  sought  in  redesigned  workspaces.  These  problems  recede  as  technological  advances  remove 
some  of  the  constraints  which  caused  them,  and  allow  greater  flexibility  in  future  designs.  Examples 
of  them  are  many  postural  and  visual  problems.  Hie  former  often  originated  from  tho  requirements  for 
the  controller  to  ait  awkwardly  alongside  a  horizontal  display  and  to  lean  sideways  over  it  or  twist 
round  it  to  3ee  other  displays  or  to  annotate  flight  strips  on  a  large  flight  strip  board.  The  latter 
problems  could  arise  from  frequent  cross  referencing  between  a  vortical  or  horizontal  individual  or  team 
display  and  a  general  wall-mounted  display,  particularly  if  there  were  gross  differences  in  luminous 
flux  so  that  each  change  of  view  was  accompanied  hy  a  different  focal  distance  and  a  different  pupil 
size. 

Hemedies  for  postural  and  visual  problems  oannot  always  be  foind  in  the  work  environment.  Many' 
postural  and  visual  problems  can  be  aggravated  by  another  factor  that  cannot  bo  controlled,  A  radar 
controller  in  particular  can  spend  his  working  hours  gazing  at  a  cathode  ray  tube  display  and  then  go 
home  and  spend  his  leisure  hours  gazing  at  another  cathode  ray  tube  display.  At  work,  an  attempt, 
generally  suocessful,  can  be  made  to  optimise  his  visual  and  postural  environment  according  to  human 
factors  evidence,  but  no  such  attompt  can  bo  made  with  hie  home  environment.  The  exton'  to  which  tho 
two  can  interact  is  not  known  but  there  must  certainly  bo  some  interaction.  If  a  controller  brings  into 
his  work  environment  his  viuual  and  postural  problems  which  havo  originated  at  his  homo,  no  solution 
to  them  can  be  obtained  by  changing  his  work  environment,  no  matter  how  far  it  can  be  optimised.  As 
long  as  tho  possible  extent  of  ouch  an  interaction  remains  unknown,  a  great  doal  of  effort  could  bo 
expended  to  no  purpose  in  trying  to  solve  a  wrongly  identified  problem. 

A  major  study  in  the  United  States  on  health  changes  among  controllers^/  concluded  that  hyper¬ 
tension  was  the  commonest  chronic  i llnesa  among  controllers,  with  an  incidence  much  above  that  in  a 
matched  population.  This  finding  confirmed  previous  Uiited  states  studies,  but  is  not  typical  of 
controllers  in  other  countries.  Nor  are  the  other  findings  of  a  relatively  high  incidence  of 
respiratory  infections,  viral  disorders  and  gastrointestinal  syndromes  universal  among  controllers. 
Peychiatrio  problems,  though  not  particularly  prevalent,  did  tend  to  be  associated  with  subsequent- 
medical  disqualification,  fine  conclusion  was  that  tho  probability  of  health  ohongo  was  influenced  much 
more  by  the  controller's  attitudes  to  his  work  and  by  the  context  in  which  the  work  was  done,  than  by 
tho  work  itcelf.  Tho  development  of  more  favourable  attitudee  by  controllers  to  air  truffic  control  as 
a  whole  and  to  thoir  tasks,  workspace  and  equipment,  might  load  to  improved  health  rather  than  to 
improved  performance^  46 . 

13g  RETIRBHEMT 

There  is  no  standard  retirement  age  for  all  air  traffic  controllers.  National  policieu  vary.  Where 
controllers  are  considered  to  bo  govommont  employees,  they  normally  havo  the  same  retirement  age  as 
other  government  employees,  ijomo  countries  do  not  have  a  fixed  ago  of  retirement  but  it  varies  either 
according  to  a  fixed  numbor  of  years'  service  as  a  controller-  or  by  fixing  only  a  minimum  or  a  maximum 
ago  for  retirement  and  allowing  some  flexibility  above  or  below  this  fixed  ago .  It  in  oooential  every¬ 
where  to  allow  for  earlier  rotiremont  of  individuals  on  medical  grounds  including  "burn  out",  which  can 
have  a  relatively  sudden  onset,  can  occur  considerably  before  normal  retiromont,  and  be  difficult  or 
impossible  to  predict  in  individuals  far  in  advanco^/. 

liotirement  con  be  a  traumatic  event  for  many  pcoplo,  both  longed  for  and  d. coded.  Expectations 
about  it  may  become  unrealistic,  with  a  sharp  division  between  tho  true  and  expressed  wiahes  and  inten¬ 
tions  of  tho  individual  as  Ilia  rotiremont  date  looms.  Por  controllers,  two  extra  considerations  can 
render  it  particularly  traumatic.  Che  is  that  if  a  controller  has  identified  himself  wholly  and 
exclusively  w  th  his  profession,  ho  may  find  it  difficult  or  impossible  to  make  a  oloon  break  from  it  or 
to  aooept  the i,  his  doyu  as  a  controllor  have  gone  for  over.  Members  of  other  professionc  have  to  face 
this  problem  too,  but  for  many  of  them,  for  example  in  tho  modioal  profession,  there  is  tho  consolation 
of  Homo  possible  further  part-time  or  ocoasional  professional  work  after  retirement,  a  prospect  which 
few  controllers  can  realistically  expect.  The  other  additional  factor  whioh  affeots  controllero  originates 
partly  in  their  shift  work!  controllers  ofton  base  their  social  life  as  well  as  their  working  life 
upon  thoir  fellow  controllers  who  are  the  people  oil  duty  whon  they  are.  Upon  retirement,  a  controllor 
may  therefore  lose  not  only  his  working  life  but  much  of  his  social  life  at  the  same  time.  If  his  social 
life  is  maintained,  it  may  emphasis  tho  loneliness  of  rotiroment  since  the  conversations  of  his  oolloagueo 
who  are  still  active  controllers  dwell  on  current  events  in  air  traffic  control  of  which  he  is  no  longer 
a  part.  Such  circumstances  prolong  a  difficult  adjustment  which  must  be  facod  eventually,  and  ri«Jco  its 
inevitability  more  painful. 

Wncre  early  retirement,  between  the  ages  of  between  ^0  and  55,  has  been  aohieved,  ilb  it  lias  in  some 
countries,  this  is  not  always  a  boon  to  tho  individual  who  feels  far  too  young  and  fit  to  retire,  and  who 
cannot  believe  that  there  is  no  further  uuoful  work  that  he  can  do.  Tho  hard-won  early  retirement  that 
his  representatives  havo  argued  eo  hard  to  achieve  can  turn  bitter  when  it  comes,  particularly  if  on 
rotiremont  the  man  is  determined  to  find  anothur  job  but  learns  that  at  times  oi  high  unemployment  thsre 
are  no  suiturte  jobs  for  a  fit  person  who  has  retired  in  his  ^Os  but  whose  skills  a3  a  controller  do  not 
transfer  to  or  fit  him  for  othor  skilled  jobs.  Uetirement  plans  laid  on  the  assumption  that  further  work 
will  be  offered  can  be  unrealistic  now,  oven  where  they  might  have  boon  much  more  reasonable  a  few  years 
ago. 


Evidence  cannot  be  deduced  from  tho  efficiency  and  safety  of  air  traffic  control  task  performance  to 
suggest  an  optimum  retiromont  age  for  controllers.  Suoh  evidence  would  merely  indicate  that  the  retirement 
age  should  not  be  tho  same  for  all.  Tho  strongest  arguments  to  support  early  compulsory  retirement  for 
controllers  are  probably  those  from  social  policies  for  tho  liiaintenance  of  high  employment  levels  by 
providing  jobs.  Tho  arguments  that  older  controllers  are  less  safe  or  less  effioient  are  much  weaker: 
in  certain  circumstances  however,  they  may  nave  some  force.  An  ulder  controller  may  find  greater- 
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difficulty  than  a  younger  one  in  readjusting  to  shift  work  if  he  has  been  away  from  it  for  some  time. 

The  older  controller  may  also  experience  greater  difficulties  in  adapting  successfully  to  major  changed 
in  equipment  or  procedures.  The  older  controller  :;ay  need  a  lose  demanding  job  because  he  lacks  the 
stamina  and  ability  to  maintain  the  concentration  that  he  once  took  for  grantod.  None  of  these  generali¬ 
sations  applies  in  every  oace:  they  are  arguments,  but  not  compelling  arguments,  in  favour  of  early 
retirement  for  evoryono. 

It  is  more  on  humanitarian  grounds  than  for  the  direct  benefit  of  air  traffic  control  as  such  that 
more  positive  steps  may  need  to  be  taken  to  prepare  controllers  for  their  retirement.  If  their  final 
posting  can  bo  to  a  region  in  which  they  wish  to  retire,  this  can  facilitate  the  transition  for  some,  but 
tho  practical  opportunities  for  exercising  this  option  are  limited  now  and  must  remain  go.  If  a  control¬ 
ler’s  only  real  interest  is  air  traffic  control,  he  must  bo  weaned  from  it  before  he  retires  and 
encouragod  to  develop  other  interests.  If  his  social  life  is  built  exclusively  on  air  traffic  control,  ho 
should  be  encouraged  to  broaden  that  too,  in  the  interosts  of  his  own  future  welfare  and  health.  He  must 
develop  realistic  expectations  about  tho  benefits  and  problems  that  retirement  ui 11  bring.  He  must  be 
prepared  for  the  transition,  discouraged  from  trying  to  extend  it  when  hi3  hopes  of  doing  so  are  unlikely 
to  be  fulfilled,  and  deterred  from  making  future  financial  commitments  basoa  on  unrealistic  expectations 
of  further  employment.  Many  former  controllers  now  look  on  their  retirement  almoct,  in  terms  of  a  golden 
ages  more  could  do  so  with  appropriate  practical  guidance. 


CHAPTER  14 
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INFLUENCES  CK  THE  INDIVIDUAL  CONTROLLER 

14a  EXPERIENCE 

Experience  la  related  in  two  distinct  /ayo  to  the  performance  of  air  traffic  control  tasks.  Cue 
concerns  selection,  and  has  already  been  mentioned.  Evidence  has  stoadi 3y  accumulated,  notably  from  a 
series  of  studios  by  Cobb  and  his  colleague «  summarised  in  a  recent  historical  review^35,  that  previous 
aviation  experience  which  would  be  expected  to  be  advantageous  for  a  controller  in  fact  is  not,  and 
therefore  should  not  bo  a  feature  of  selection  procedures  for  controllers.  The  single  exception  is  direct 
previous  practical  experience  as  an  air  traffic  controller.  In  this  context,  experience  is  inevitably 
confounded  with  age,  but  the  irrelevance  of  previous  aviation  experience  in  the  selection  of  air  traffic 
controllers  still  holds  true  when  age  differences  have  boon  allowed  for.  Therefore^  in  controller  selec¬ 
tion,  experi once  is  not  as  important  a  factor  as  it  might  seem. 

The  other  relationship  of  experience  to  air  traffic  control  task  performance  concerns  its  effects 
throughout  the  controllers  career.  Gnce  again,  the  factors  of  exporicnco  and  age  are  closely  related, 
and  care  must  be  Gxercised  lest  any  findings  caused  by  one  aro  wrongly  attributed  to  tho  other.  Usually, 
performance  would  bo  oxpected  to  improve  with  experience  and  to  deteriorate  with  age.  One  question 
concema  the  extent  to  which  those  two  effects  cancel  bocause  one  compensates  for  the  other.  The  work 
that  has  addressed  this  issue  has  not  really  resolved  it,  partly  bocause  it  did  not  include  the  extremes 
of  age  and  experience  where  effects,  il  they  occur,  would  bo  oxpected  to  be  most  significant.  The  .mo3t 
thorough  discussion  and  study  of  the  relationship  between  age  and  experience  in  air  traffic  control  is 
still  work  dona  come  years  ago ^34. 

Differences  between  conti'ollers  are  generally  much  larger  than  the  changes  within  a  single  controller 
associated  with  his  age  or  experience.  A  controller^  experi enco  haa  some  discernible  effects  on  his  task 
performance,  and  perhaps,  on  average,  it  does  not  quite  compensate  for  the  effects  of  ageing  beyond  the 
age  of  about  40,  but  the  effects  of  experience  on  competence  are  generally  less  on  the  average  (though 
not  noneosanly  in  the  case  of  evoiy  individual  controller)  than  is  often  supposed.  This  ia  on  issue  on 
which  many  controllers  hold  strong  beliefs.  The  most  experienced  controllers  moy  bo  disparaged  as  “past 
it”  or  “over  the  hill”  by  the  new  generation  of  controllers.  However,  tho  differences  that  do  occur  in 
the  performance  of  older  controllers  and  that  arc  ascribed  to  a  reduction  in  their  professional  compet¬ 
ence  may  sometimes  at  least  be  the  result,  rather  of  greater  caution,  itself  a  product  of  their 
experience  as  well  as  of  gradual  personality  changes  and  changoe  in  cognitive  abilities.  Most  of  the 
research  on  experience  as  o  factor  in  air  traffic  control  performance  has  boon  conducted  in  the  United 
States.  The  findings  obtained  might  not  hold  true  elsewhere,  and  should  not  bo  treated  an  if  they  do 
unions  there  ic  some  evidence  of  independent  verification. 

The  experienced  controller  tamoano  the  branhnoas,  lack  of  ox  pc  nonce,  and  abnenco  of  insight  or  the 
loos  experienced  controller.  Those  originally  trained  and  practised  in  procedural  control,  witnout 
modem  aids  in  the  form  of  radar  and  computer  assistance,  were  made  more  conscious  of  what  they  wore 
actually  doing,  and  have  often  retained  an  uidorotanding  of  air  traffic  control  in  a  frame  of  reference 
which  dates  from  their  procedural  exporicnco.  Controllers  who  Imvc  known  nothing  but  radar-based  air 
traffic  oontrol  systems,  or  even  those  with  sophisticated  automated  aids,  may  need  to  know  less  about 
basic  principles  of  air  traffic  control,  may  have  poorer  ability  to  revert  to  manual  control  in  the  event 
of*  system  failure,  but  may  nevertheless  be  better  placed  to  accept  and  make  use  of  tocluio logical  advances. 

Tho  human  factors  specialist  is  familiar  enough  with  the  fallibility  and  selectivity  of  numari  memory 
to  realise  that  the  /rood  old  days  of  air  traffic  control  wore  never  quite  as  good  as  they  now  seem  in 
retrospect.  Camoraderio  among  controllers  cannot  bo  sustained  in  the  samo  forme  in  the  midst  ->f  highly 
sophisticated  technical  aids  and  complex  man-maohino  relationships,  but  this  means  that  it  ha/;  changed 
rather  than  vanishod.  Inovitably  the  experienced  man,  who  soos  that  some  of  his  lees  experienced  col¬ 
leagues  do  not  possess  soma  of  the  skills  that  ho  lias  but  fails  to  accept  that  they  are  not  needed  any 
more,  can  view  somo  of  those  colleagues*  actions  with  a  jaundiced  eyo;  and  tho  converse  can  bo  true  when 
tho  very  experienced  man  clings  to  outmoded  habits.  The  factor  of  oxpe rior.ee  oon  thus  engender  misunder¬ 
standings  among  controllers, 

dome  highly  experienced  controllers  believe  tiiat  loos  experienced  ones  aro  given  rocpaisibi lities 
before  they  aro  fully  fitted  for  them,  Uomc  conti'ollers  boliovc  that  those  with  moot  oxporience  aro 
nevertheless  no  longer  fully  conpctenc  for  air  traffic  control  duties  and  should  retire.  While  in  aomo 
individual  cases  there  is  substance  in  these  contentions,  particularly  in  the  latter  ono,  more  detached 
evidence  ouggeeto  that  tho  importance  of  neither  isuuo  is  sufficient  to  justify  tho  emotions  it  generates, 
because  on  the  whole  the  factor  of  experience  in  air  traffic  control  has  only  minor  rolo vance  to  air 
traffic  control  safety  and  efficiency.  Who  re  its  effects  are  strong  they  are-  likely  to  be  confined  to 
relatively  few  people,  and  are  thorofore  best  resolved  on  an  individual  rather  than  a  general  basis. 

Experience  may  be  an  advantage  only  as  long  as  thorc  are  no  major  system  changes.  If  major  changes 
are  introduced,  and  they  are  sufficient  to  discount  experience  because  they  render  familiar  tasks  and 
procedures  unnecessary,  inappropriate  or  impossible,  the  experienced  controller  may  bo  at  a  disadvantage 
since  he  must  not  only  learn  new  ways,  a  process  that  itself  is  made  more  difficult  when  his  experience 
runo  contrary  to  them,  but  must  also  break  familiar  habits  and  try  to  forgot  what  ha*1  become  so  familiar 
that  it  is  liable  to  be  done  without  thinking  but  must  now  not  bo  done  at  all.  Herein  lies  part  of  the 
importance,  wi.cn  tucks  are  redesigned,  of  making  the  old  and  new  tasks  as  compatible  as  possible  in 
termo  of  the  skills  and  experience  noodod  for  them. 

14b  AUK 

The  findings  on  the  relevance  of  age  to  air  traffic  control  selection  aro  markedly  different  from 
those  on  the  relevance  of  experience.  Ac  ovidonce  has  accumulated  that  experi  enco  should  not  be  an 
important  factor  in  air  traffic  control  selection,  so  evidence  has  accrued  on  the  importance  of  age.  The 
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age  criteria  fox'  selection  have  become  more  stringent  and  not  less  so.  The  older  a  man  io  when  selected, 
the  lees  likely  he  is  to  complete  his  training  or  to  have  a  satisfactory  subsequent  career  as  a  control¬ 
ler.  The  performance  of  the  older  man  at  air  traffic  control  tasks  will  probably  be  poorer  and  he  will 
be  more  likely  to  leave.  In  these  cost  conscious  times,  the  older  recruit  offers  poorer  prospects  for 
training  than  a  younger  man  who  is  equal  in  other  respects* 

By  contract,  tho  effects  of  ago  on  the  controller^  performance  throughout  his  caroor  are  equivalent 
in  same  respects  to  the  affects  of  experience.  The  relationship  between  age  and  performance,  like  that 
between  experience  and  performance,  is  small  though  not  totally  absent,  according  to  a  stuiy  which  did 
not  include  the  extremes  of  age  or  experience ”4,  some  individuals  could  continue  to  perform  their  tasks 
efficiently  ur.d  safely  with  no  lapse  of  standards  right  up  to  their  retirement  age  and  beyond.  Others 
evince  quite  marked  and  irreversible  deterioration,  either  in  a  very  gradual  but  progressive  form  ovez1 
many  years  or  in  a  more  sudden  and  noticeable  form  over  a  shorter  period  -  tho  phenomenon  known  as 
burnout .  Most  controllers  are  between  thoB©  groups,  and  show  a  deterioration  which  is  relatively  alight 
with  age,  and  can  be  countered  by  greater  effort  (leading  to  increased  tiredness),  by  transfer  to  an  air 
traffic  control  facility  witn  lower  traffic  demands,  or  by  restructuring  of  team  responsibilities  so 
that  the  man  never  haa  more  to  do  than  ho  io  known  to  be  able  to  cope  with.  A  consoquonoe  of  tho  combina¬ 
tion  of  these  trends,  with  some  controllers  showing  no  decline  and  others  a  marked  decline  with  age,  ia 
that  the  spread  of  individual  differences  in  proficiency  among  controllers  is  likely  to  increase  with 
their  age. 

Burnout,  a  ooncept  for  which  there  is  no  accepted  definition  in  traffio  controller  refers  to 
an  individual  who  is  no  longer  able  to  perform  difficult  air  traffic  control  tasks  that  he  onoo  did  with 
ease.  It  is  particularly  noticeable  because  it  occurs  most  often  in  ?.nuiyid.ua  Is  who  have  seemed 
especially  able,  free  from  health  problems,  and  marked  out  for  promotion1^.  Individuals  affected  by 
burnout  are  aware  of  it  in  thomcolves  and  of  their  lack  of  resilience. 

Explanations  for  tho  gradual  decrement  in  the  controller^  ability  to  perform  air  traffic  control 
tasks  as  he  gets  older  can  be  found  in  tho  psyohologioal  literature  on  ageing,  and  paidicularly  in  the 
cumulative  evidence  on  the  effects  of  ageing  on  cognitive  abilities.  Charaotaristio  effects  of  ageing 
include  the  following: 

(1)  Signals  to  denote  that  another  event  is  pending  t«*nd  to  bocomo  distracting  rather  than  alerting, 
and  the  ability  to  ignore  irrelevant  information  detorioratoo . 

(2)  The  capacity  to  acquire  now  vorbal  information  i3  not  ouatainod. 

(3)  Tho  ability  to  recall  information  immediately  appears  to  be  impaired,  porhaps  bocauoe  of  poorer 
storage  capabilities. 

(4)  The  rate  at  which  information  nan  bo  proco&ued  tends  to  decrease  with  advancing  ago, 

(5)  Tho  ability  to  direct  attention  and  to  share  time  efficiently  between  tasks  may  bocomo  slightly 

impai red. 

(6)  The  ability  to  adjust  to,  and  compensate  for,  0210*0  own  limitations  may  bo  dogradod. 

(V)  The  ability  to  attend  continuously  to  a  complex  monitoring  taok  doclinos  with  ago^f. 

14c  STRESS 

Two  decades  of  work  on  atrouu  in  air  traffic  control,  and  many  papers  about  it  (a  rocont  review^ 
cites  64  references ),  havo  produced  remarkably  little  factual  ovidenco,  and  in  rotroapeot  iuivo  accorded 
to  stress  on  unwarranted  significance  in  air  traffic  control.  Many  fundamental  iesuoo  remain  unresolved: 
among  them  are  how  to  define  stress,  how  to  rnoaouro  it,  whether  it  is  a  cause  0"  on  effect,  and  w  hot  her 
it  is  a  serious  problom  in  air  traffio  control  or  not.  With  regard  to  thin  last  question,  the  oommon 
presumption,  made  largely  on  intuitive  and  subjective  grounds  five  to  ten  years  ago,  tliat  air  traffio 
control  is  manifestly  a  particularly  stressful  occupation,  has  gradually  yielded  under  protest  to  the 
mounting  objective  more  scientific  evidence  to  tho  contrary1*)/  .  Tho  importance  of  stress  os  a  problem  in 
air  traffic  control  has  been  exaggerated.  If  thiB  text  were  to  reflect  faithfully  tho  amount  of  work 
done  on  each  topic  by  the  space  dovotod  to  it,  this  section  on  sxresu  would  be  among  the  longest  in  tho 
whole  volume.  Since  the  intention  is  to  make  the  longtin  of  covorage  more  commensurate  with  the 
importance  of  the  subject  matter,  this  section  on  stress  should  bo  quite  short!  Tho  definition  and  study 
of  stroos  is  a  livo  issue  far  beyond  the  bouids  of  air  traffio  control1^. 

Tho  manifestations  of  Btresa  may  bo  expressed  in  terms  of  performance  or  behaviour,  physiological 
or  bioohsmioal  changes,  individual  attributes  such  as  personality,  or  subjective  feelings  or  impressions . 
Stress  can  be  ai’foctod  by  the  nature  of  the  tasks,  their  relationships  to  individual  capabilities  and 
limitations,  conditions  of  employment  and  social  climate.  Stress  in  air  traffio  aontrol  may  be  attz*ibuted 
to  workload,  but  this  scarcely  represents  progress  sinco  there  is  little  to  choose  between  the  concepts 
of  stress  and  workload  as  sources  of  muddle  and  confusion.  Stress  may  also  originate  outside  work  and 
interact  with  the  job  in  complex  ways.  A  controller  with  serious  marital  or  financial  difficulties 
may  bring  them  to  work  where  they  interfere  with  hio  efficiency  and  thereby  add  tho  problem  of  poor  task 
performance  to  the  difficulties  ho  already  lias;  or  he  may  visibly  relax  at  work  in  tho  knowledge  that  ho 
can  put  aside  his  other  worries  at  least  until  tho  end  of  the  shift.  Stress  a.**  an  external  cause  or 
origin  (for  example  traffio  demands,  equipment  failures,  learning  to  use  new  aids,  noise,  ostracism, 
bereavement)  lias  effects  on  the  individual.  The  effocto  may  also  be  describod  as  stress,  or  alternatively 
as  strain,  distroso,  or  similar  concepts. 

The  broadness  of  the  concept  of  stress  in  air  traffic  control  io  i Hunt rated  by  Crump’o 
classification  of  relevant  studies  under  the  main  headings  of  phyoio logical  and  biochemical  measurements, 
long  term  offsets  on  health,  task  performance  and  subjective  ratings  as  stress  indices,  and  psychological 


measurements  of  stress.  Findings  from  such  a  rouge  of  measures  perhaps  inevitably  generate  ambiguities 
and  unresolved  anomalies.  An  attempt  to  develop  a  stress  index  based  on  biochumics.l  measures  offered 
encouraging  rooults  in  methodological  toras,  but  discouraging  rooults  in  terms  of  findings  and  interpre¬ 
tations.  Some  of  the  findings  may  not  relate  to  stress  as  bucu  but  may  reflect  traffic  demands, 
expressed  either  in  terms  of  greater  numbers  of  airc.aft  or  in  terms  of  each  aircraft  making  more  demands 
because  of  poor  on-board  equipment  or  a  less  experienced  pilot.  Many  findings  simply  illustrate  that  air 
traffic  control  work  is  not  particularly  associated  with  symptoms  of  strese.  Psyoho logical  studies, 
including  self-ratings  on  euch  factors  as  mood  and  anxiety,  huve  often  shown  that  the  findings  depend 
considerably  on  the  timing  of  the  ratings  in  relation  to  tne  work-rest  cycle  -  not  an  ixiusual  result, 
but  an  unwanted  further  complication.  Some  personality  studies  of  controllers  in  relation  to  stress 
faotoro  have  likewise  produced  complicated  results  which  retard  rather  than  advance  progress:  the 
general  finding  that  Type  A  personality  is  more  susceptible  to  stress  than  Type  B  personality  is 
contradicted  for  controllers'^'.  The  notion  that  boredom  can  lead  to  stress  cannot  be  sustained  unloss 
there  is  also  a  requirement  to  remain  constantly  attentively-  thia  is  a  useful  practical  finding,  but 
scarcely  conducive  to  the  furtherance  of  atudiaB  on  stress. 

The  weight  of  medioal  ovidenoe,  which  is  not  in  full  agreement  in  all  countries  is  that  stress- 
related  symptoms  are  not  among  the  mi n  reasons  for  loss  of  lioenoe  among  controllers,  and  that  tho 
profession  of  air  traffic  control  is  not  one  in  which  ot rose— related  symptoms  are  particularly  prevalent. 
It  could  well  be  that  those  most  likely  to  develop  streaB-rolated  medical  conditions  realise  early  in 
their  careers  that  they  could  not  tolerate  the  stress  which  air  traffic  oontrol  would  engender  for  thorn, 
and  leave.  Others  nay  find  tliat  their  symptoms  of  stress  are  alleviated  as  they  gain  experience  and 
confidence  in  air  traffic  control.  It  ic  possible  that  such  considerations  explain,  in  part  at  least, 
the  absence  of  stress-related  symptoms  among  many  controllers  even  whan  task  demands  are  heavy.  Perhaps 
other  factors  suoh  as  style  of  management  and  conditions  of  employment  are  as  relevant  to  stress  as  the 
work,  itself.  .Differences  between  countries  are  significant  enough  to  suggest  that  the  inoidonoe  of 
stress— related  symptoms  among  air  traffio  controllers  is  not  wholly  a  consequence  of  air  traffic  oontrol 
demands.  In  the  meantime,  stress  in  air  traffio  control  is  not  a  general  system  problem  but  a  problem 
for  individuals,  and  it  should  bo  considered  as  suoh  m  terms  of  solutions  and  treatment. 

14d  BOREDOM 

In  comparison  with  stress,  boredom  has  bean  neglected  in  psychological  studies,  though  not  to  the 
extent  that  lias  recently  teen  claimed^”  .  There  is  therefora  perhapB  a  better  excuse  for  our  lack  of 
knowledge  about  it.  Much  of  the  evidence  for  tho  importance  of  boredom  in  air  traffic  control  is  not 
the  outcome  of  scientific  findings,  but  anseu  from  controllers*  complaints.  Any  job  where  there  is  a 
requirement  for  continuous  manning  throughout  fluctuating  task  demands  implies  periode  when  the  man 
must  oooupy  his  workspace  but  there  may  bo  little  for  him  to  do.  Reports  of  boredom  seem  to  be  assoc¬ 
iated  with  these  oiroumstoncas,  and  also  with  monitoring  funotionB  as  suoh  in  which  tho  job  is  to  watoh 
system  funationb  rather  than  taku  an  aotive  part  ’ n  them.  A  further  relevant  factor  seems  to  be  a 
change  in  social  attitudes:  human  expectations  x,  t  work  will  be  intoreuting  and  rewarding  have  led  to 
a  reduoted  toleranoe  of  jobs  that  are  not,  and  there  is  a  greater  willingness  to  protest  against  dull 
jobs  and  against  boredom,  especially  if  it  aeemu  unnecessary .  Somo  people  appear  to  tolerate  and  even 
wolcome  boredom,  but  muut  try  to  avoid  it.  The  problem  of  boredom  in  air  traffio  control  ie 
apparently  beooming  more  severe. 

The  concept  of  boredom  is  a  flubjeotive  one.  It  does  not  denote  a  physiological  state,  a  level  of 
performance,  a  type  of  task  or  a  system  design  characteristic.  Ihirportod  findings  about  borodom  that 
are  expressed  in  suoh  terms  therefore  require  supporting  evidence  of  their  relevance  to  it.  But  h 
evidence  is  difficult  to  obtain  without  the  intrusion  of  plausible  but  unwarranted  claims  and  assump¬ 
tions.  Because  boredom  ie  an  individual  subjective  condition,  a  task  that  is  boring  to  ono  man  may  not 
be  to  others.  The  interest  aroused  by  any  ovurt  attempt  to  study  boredom  may  be  sufficient  to  relieve 
it.  Borodom  may  not  be  amenable  to  valid  study  by  experimental  methods. 

Although  there  is  a  marked  absence  of  firm  guidelines  on  the  causes,  consequences  and  cures  of 
boredom,  some  of  the  commonest  preconceptions  about  it  appear  to  be  wrong,  or  sufficiently  ouspect  not 
to  be  suitable  aa  an  unohallenged  basis  for  action.  Boredom  ie  certainly  not  associated  always  with 
poor  task  performance:  its  onset  may  indeed  be  more  probable  when  tasks  have  been  mastered  and  are 
consistently  dona  wall.  There  is  no  oompelling  evidence  that  boredom  in  related  significantly  tc 
safety.  Boredom  is  not  confined  to  simple  tasks!  almost  any  task  may  ultimately  bocome  boring,  but 
simple  tasks  may  become  more  boring  or  beoome  boring  aooner.  Boredom  is  not  closely  associated  with 
definable  physiologioal  states  or  with  personality  attributes,  although  a  tendency  towards  impulsivsnoss 
may  not  be  wholly  irrelevant  to  it  but  slightly  increase  its  probability.  Boredom  is  not  necessarily 
equated  with  inactivity.  Boredom  soerno  loos  prevalent  during  learning.  There  are  probably  no  taeks 
that  always  boro  everybody,  ar.d  very  few  that  have  never  bored  anyone.  Oi  the  whole,  it  would  seem  that 
boredom  originates  i.n  aspects  of  the  work,  but  its  effocts  ara  on  attitudes  to  conditions  of  work  more 
than  on  the  work  itself.  It  may  influence  attrition  rates,  absenteeism,  reoruitment,  sickness  rates, 
and  industrial  unrest,  or  aggravate  complaints  about  quite  trivial  aspectB  of  the  workspace  or  the 
conditions  of  employment. 

All  these  are  tentative  indications.  Questions  for  research  that  arise  are  whether  any  action 
nood  be  taken  to  alleviate  borodom,  what  kinds  of  action  might  be  succesoful,  nnd  what  the  reaeonB  for 
l-eduoing  boredom  can  bo  if  its  effects  on  safety  and  efficiency  are  marginal.  Thore  are  three  kinds  of 
reason  for  alleviating  boredom:  ono  ie  humanitarian,  to  treat  people  as  well  as  possible!  the  second 
is  oost  effective,  to  reduce  attrition,  staff  tumovor,  unrest,  and  allied  factors  if  that  oan  be  done! 
the  third  is  empirical,  to  discover  if  suppositions  about  boredom  are  correct  or  false  —  does 
"maiginal"  mean  "negligible"  in  the  context  of  the  effects  of  boredom  on  safoty,  aid  are  there  any 
benefits  for  safety  and  efficiency  of  alleviating  borodom?  Perijaps  thore  is  a  fourth  kind  of  reasc  . 
to  prevent  the  problem  of  boredom  from  becoming  mors  sevore  until  its  consoqusncoB  are  bettor 
understood. 
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A  provisional  list  of  ourrent  trends  in  system  design  that  may  increase  boredom  would  1  re  rule  the 
following: 

(1)  Increased  passivity  of  human  functions,  with  more  monitoring  and  loss  direct  participation. 

(2)  The  maintenance  of  alertness  when  this  generally  proves  in  retrospect  to  have  been 
umeoessaty . 

(3)  Reduced  needs  for  skills,  reduced  complexity  of  Bkills,  and  reduced  opportunities  to  exercise 
skills. 

(4)  Rower  opportunities  for  the  man  to  intervene  and  to  innovate. 

(5)  Reduced  options  for  the  man  to  oxoroiso,  and  reduced  human  flexibility. 

(6)  Reduced  aotivity  as  on  active  team  member,  and  inorcaaed  autonomous  functioning  in  isolation. 

(7)  The  emphasis  on  requiring  the  man  to  adapt  to  meet  teohno logical  requirements  instead  of 
adapting  the  toohnology  to  meet  human  nsode. 

(8)  The  substitution  of  routine  data  entry  and  retrieval  for  decision  making,  problem  solving  and 
prediction,  and  the  provision  of  extensive  computer  assistance  for  the  latter  when  they  do 
remain  human  f motions. 

(9)  The  addition  of  routine  human  functions  such  as  data  entry  which  seem  primarily  to  compensate 
for  machine  inadequacies  and  to  be  superfluous  for  his  own  tasks. 

(10)  Reduced  challenge,  effort  and  intarost  of  the  job. 

(11)  Reductions  in  the  apparent  worth  of  tha  job,  pride  in  it,  and  self-esteem  from  it. 

Evidence  even  to  substantiate  the  above  suppositions  about  boredom  is  very  sparse.  Although  boredom  is 
difficult  to  study,  the  problems  it  poses  must  eventually  be  tackled  more  thoroughly  than  they  havo  been 
hitherto . 

14e  PERSON  Abl'i'f 

Personality  influences  the  controller  in  two  reopectB;  ore  conooms  hia  own  personality,  and  the 
other  the  personality  of  others  within  his  work  environment,  especially  his  colleagues,  instructors 
and  supervisors.  In  human  factors  terms  these  are  two  facets  of  the  Dome  topio,  Binoe  if  there  are 
desirable  personality  traits  in  air  traffia  controllers  they  will  bo  applicable  to  the  individual  con¬ 
troller  and  to  all  those  ha  works  with. 

The  personality  of  air  traffic  controllers  has  been  mooeuz'od  extensively  from  time  to  time,  usually 
for  purposes  of  selection,  as  p.  possible  health  predictor,  or  in  relation  to  tank  performance.  Mont  of 
the  work  on  personality  in  air  traffic  control  him  boon  done  in  the  Unitod  states,  using  well  known  t»sta 
for  which  norms  for  American  controllers  havo  been  derived  and  comparod  with  thooo  lbr  the  general 
American  population.  As  a  rule,  tho  norms  of  a  personality  tost  are  specific  to  each  nation,  being  to 
soma  extent  culture  -dependent.  Neither  tho  scoring  nor  the  findings  of  studios  of  controllers  in  the 
United  States  aro  likely  to  apply  elsewhoro.  ThiB  may  be  a  bigger  -H advantage  in  other  contexts  than 
it  is  in  air  traffio  control,  whore  tho  findings  about  personality  have  generally  been  unremarkable. 

Thore  is  no  single  personality  profile  known  to  be  idoal  fo~  controlli  re.  In  selection,  personality 
tests  are  wed  mainly  to  identity  individuals  with  extreme  personality  oha>  aotenoti os,  not  to  reject 
thorn  sinoe  there  is  no  rationale  strong  enough  to  support  such  an  aotion  on  tho  evidenoo  of  personality 
alone,  but  to  enquire  more  thoroughly  about  them  than  tho  standard  selection  procedure  allows.  Efforts 
to  incorporate  personality  measures  in  air  traffio  oontrol  selection  have  not  mot  with  conspiouous 
success  so  far,  although  the  belief  persists  that  there  should  be  a  place  for  them,  oepeoially  to  single 
out  individuals  with  high  anxiety  states  or  marked  propensity  to  bocomo  anxiouB ,  sinoe  they  might  not 
be  able  to  tolarato  the  responsibility  of  controlling  real  aircraft. 

bindings  on  the  relations  between  performance  and  personality  have  fluctuated,  but  scarcely  pro¬ 
vided  suffi  cient  oncouragomont  to  invito  persistence.  Ch  quits  a  small  sample,  Buckley  and  his 
colleagues  '34  roportod  significant  relations  between  sovoral  16  PR  personality  dimensions  and  air  traffic 
control  pi  rformancct,  but  tho  rosults  of  moot  oubBoquont  studies  have  not  been  so  dear.  Whereas  to 
Buckley,  controllers  who  perform  bettor  were  not  depressed,  not  timid,  not  naive,  not  oonformist,  and  not 
tense,  another  study  using  the  same  personality  tost  characterised  controllers  on  hard  headed  and 
practical  but  lacking  in  creativity  and  imagination^!!.  The  findings  relating  to  type  A  and  Typo  B 
personalities  among  controllers  are  puzzling  because  tho  more  calm,  relaxed,  patient,  and  unaggreooivo 
Typo  B  personalities  oliowcu  tho  groatcr  propensity  to  develop  symptoms  of  stress.  However,  tho  ueo  of 
the  California  Psychological  Inventory  of  18  personality  traits  in  an  occupational  health  etuiy  lent 
support  to  the  explanation  that  controllers  aro  difficult  to  manage  partly  because  of  their  selection 
procedures,  since  controllers  wore  characterised  as  dominant,  aggressive,  independent,  nqlf-oonfident, 
disliking  external  regulation  and  authority,  and  somewhat  intolorant  of  non-controllers1^  compared 
with  tho  United  Statoe  male  population  in  general. 

Tho  formal  study  of  pereonality  is  complicated  furthor  nowadays  bocause  it  can  booono  entangled  with 
notions  of  equality  and  oqual  opportunity.  Manifestly,  all  individuals  do  not  have  the  some  personality. 

If  thoy  did,  tho  concept  of  personality  testing  would  bo  ludiorous.  However,  decisions  taken  on  tho  basis 
of  clinical  jizlgmont  may  need  lndopunder-l  support  in  a  form  which  a  standard  personality  test,  with  fixed 
scoring  and  population  norms,  can  providi 


123 


An  argument  in  favour  of  standardisation  and  partial  automation  of  air  traffic  oontrol  training  and 
instruction  ia  that  the  influence  of  the  personality  of  tho  instructor,  or  potential  dashes  <  i  person¬ 
ality  betwoen  instructor  and  pupil,  ore  thereby  diminished.  Aaoesaments  oan  be  Been  to  be  more  impartial, 
loss  susceptible  to  bias  by  subjective  judgment  or  whim. 

A  mark  of  a  profession  is  that  its  members  oan  form  satisfactory  working  relationships,  in  the 
interests  of  the  profession  and  its  standards,  with  colleagues  who  irritate  them,  whom  they  dislike,  or 
with  whom  they  share  nothing  in  common  except  their  membership  of  tho  same  profession.  It  iB  not  known 
how  ofton  this  normal  stato  gives  way  to  personal  dashes  in  air  traffic  control,  or  how  far  Buch  clashes 
can  affect  safety  and  efficiency,  though  neither  of  these  difficulties  presents  a  prevalent  problem.  If 
there  are  personality  olashoa,  the  natural  inclination  of  members  of  tbs  air  traffio  oontrol  profession 
is  to  resolve  any  such  problems  locally  within  tho  profession  if  possible,  without  managerial  interven¬ 
tion.  nevertheless,  in  principle  serious  personality  dashes  could  lead  to  disruption  of  performance, 
and  thoy  must  not  be  allowed  to  do  so  if  they  persist. 

14f  ATTITUDES 

Most  air  traffio  controllers  like  air  traffic  oontrol  very  muoh.  Many  would  not  want  to  do  any 
other  job.  They  may  express  unfavourable  attitudes  towards  management,  conditions  of  employment,  shifts, 
equipment,  or  taake  not  directly  related  to  air  traffic  oontrol,  but  seldom  towards  air  traffic  control 
itself.  These  findings  were  originally  reported  many  years  ago  in  the  United  States  at  a  time  when 
management/oontroller-  relations  were  somewhat  strained,  but  tboy  have  since  been  substantiated  there  and 
elsewhere  several  times.  Because  air  traffic  control  is  valued  so  highly,  controllers  can  become  very 
defensive  about  it  when  ohanges  are  in  the  offi'n-. 

Controllers  oan  and  do  cope  with  very  high  traffic  loadings.  They  do  not  like  to  lose  the  oeteem  of 
their  colleagues,  or  to  admit  that  they  have  tried  to  do  too  much,  and  if  seriously  overstretched  they 
risk  a  sudden  deterioration  in  performance.  Thoy  enjoy  being  busy,  and  take  pride  in  achieving  an 
optimum  solution.  They  identify  with  air  traffio  control,  and  with  their  team  or  watoh  in  particular,  to 
the  extent  that  on  many  issues  thoy  form  common  attitudes  which  all  are  prepared  to  defend  strongly. 

These  professional  attitudes  are  of  interest,  since  they  have  become  very  entrenohad  in  what  is,  after 
all,  a  young  profoooion. 

In  a  study  commissioned  to  define  research  needs,  with  the  aim  of  maintaining  the  motivation  and 
favourable  attitudes  of  controllers  in  future  air  traffio  oontrol  eyatemu,  Nealey  and  his  oollaoguee1 51 
suggested  that  controllers  felt  they  had  littlo  information  about  proposed  system  ohanges  that  al'feoted 
them,  and  little  opportunity  to  make  their  views  known  during  the  planning  and  development  of  changes. 

Coni  rollers  *  attitudes  seemed  well  worth  obtaining,  but  it  waa  noted  that  there  was  no  method  available 
by  whioh  their  attitudes  to  future  changes  could  be  gauged.  A  method  based  largely  on  demonstrations 
and  questionnaires  was  then  proposed.  Although  this  was  not  followed  up,  a  major  etudy  examining  con¬ 
trollers'  attitudoa  to  existing  air  traffio  control  jobs,  tanks,  and  sub-tasks  has  been  conducted,  as  a 
basis  for  judging  the  probable  effects  on  attitudes  of  proposed  future  ohanges,  with  particular  emphasis 
on  various  forma  of  computer  assistance.  The  method  combined  hierarchical  taak  analyaiu,  the  repertory 
giid  technique,  and  a  job  diagnostic  svrvey'M6.  Tho  findings  revealed  that  attitudes  were  not  uniform 
to  all  jobs,  tasks  and  sub -tasks  in  air  traffio  oontrol,  and  pinpointed  thoee  whioh  engendered  favourable 
and  unfavourable  attitudes  to  different  degrees.  The  reaotiono  to  various  forms  of  proposed  automated 
assistance  oould  therefore  be  predioted  in  general  and  in  specific  terms,  showing  that,  in  acme  contexts 
at  least,  attitudes  towards  automated  assistance  were  often  at  least  neutral  and  eometimes  benevolent, 
provided  that  in  the  decision-malting  functions  involving  "real"  air  traffio  control  the  role  of  the 
computer  would  remain  subservient  in  its  essentials  to  that  of  the  controller.  Tho  concordance  among 
controllers  in  their  attitudes  oould  also  be  establlehed. 

It  is  notioeable  how  quickly  controllere'  attitudes  towards  any  innovation  are  formed,  often  long 
before  they  have  had  sufficient  opportunity  to  beoomo  fully  proficient  in  itu  use.  Initially  favourable 
attitudes  are  repaid  in  tome  of  persistence  in  learning,  tolerance  of  defioienoieo  or  unservioeability, 
and  ultimately  full  realisation  of  its  potential,  liifavourable  attitudes  oan  ohallenge  tho  controller's 
ingenuity  to  make  manifest  all  the  inadequacies  of  the  equipment,  and  thereby  demonstrate  that  it 
cannot  possibly  meet  its  intended  requi remonts .  It  would  oeem  worthwhile  to  etudy  how  attitudes  to 
innovations  are  formed,  what  factors  are  most  influential  in  attitude  formation,  and  why  attitudes  are 
formod  so  quiokly.  Perhaps  it  would  be  winaoessary  to  try  and  optimise  details  of  design  to  ouoh  an 
extent  if  the  goodwill  from  favourable  attitudes  oould  more  than  oompensate  for  any  minor  defioienoies. 

Attitudes  posited  aa  helpful  or  inappropriate  in  controllers  or  supervisors  have  been  examined  m  terms 

of  the  effeoto  they  may  have  on  air  traffic  control  system  errors,  and  discussed  in  terms  of  ways  in 

which  attitude  formation  can  be  influenced  and  ways  in  which  unwanted  effects  of  attitudes  nan  be 

countered1 52, 

Mg  TUU3T 

Air  traffic  oontrol  depends  on  trust.  Pi  lotB  cannot  see  the  air  traffio  pattern  of  whioh  they  form 
a  part  and  must  rely  on  the  controller  for  safe  separation  from  other  aircraft  and  for  an  efficient 
routeing  with  no  uuieoc-isary  diversiono,  manoeuvres,  delays  or  fuel  penalties.  The  controller  must  in  hie 
turn  trust  pilots  to  obey  his  instructions,  so  that  he  oan  plan  ahead  and  achieve  a  smooth  and  evenly 
spaced  flow  of  traffio,  with  no  unnecessary  gaps  that  oould  lead  to  cumulative  delays  for  others.  Both 
pi  lot h  and  oontrollers  have  to  trust  the  information  presented  to  them,  on  which  their  tasks  are  baaed. 

The  more  complex  tliat  information  becomes,  tho  leas  able  thoy  are  to  verify  it  in  any  independent  way, 
and  the  moro  thoy  have  to  trust  it.  Ebr  a  faotor  of  suoh  vital  importance,  surprisingly  little  is  known 
about  how  trust  is  gradually  built  up  ,  how  it  can  be  destroyed,  and,  once  destroyed,  whether  it  oan 
ever  be  fully  restored. 

When  communication  between  air  and  ground  is  primarily  by  speeoh,  trust  oan  be  established  directly. 
Any  information  euspoctad  to  be  untrustworthy  oan  be  verified  by  questioning,  repetition,  and  rephrasing, 
until  the  rooeivsr  of  tho  information  is  natisfiod  that  he  oan  trust  it.  The  earliest  forms  of 
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assistance  to  the  controller,  especially  primary  radar,  contained  much  incidental  guidance  in  the  form  of 
blip  oiae,  contrast,  consistency,  signal  to  noise  ratio,  eto,  on  how  far  specific  items  of  information 
should  be  trusted.  The  controller  oould  also  learn  by  experience  how  far  he  should  trust  information, 
for  example  that  radar  coverage  in  a  certain  region,  or  below  a  certain  height,  could  be  fallible. 
Comparable  impreasione  of  trustworthiness  aro  far  more  diffioult  to  glean  from  displayed  information  in 
modern  systems,  whether  from  secondary  radar  displays,  from  alphanumeric  displays  of  tabular  air  traffic 
control  information,  or  from  menus,  options,  and  man-computer  dialogues.  The  man  must  go  ly  experience, 
and  where  aircraft  safety  is  concerned,  he  is  rightly  cautious.  A  major  change  has  taken  places  in  air 
traffic  control  and  elsewhere,  the  man  must  act  on  information  whioh  he  may  or  may  not  fully  trust,  but 
which  ha  often  cannot  verify. 

A  man  using  a  speech  channel,  whether  telephone  or  ft/l,  can  hear  if  the  line  is  poor  and  if  the 
signal  to  noise  ratio  is  low  or  there  is  high  background  noise.  He  oan  therefore  tell  that  some  infor¬ 
mation  is  diffioult  to  hear,  and  may  therefore  be  misheard.  lie  can  peraiBt  until  he  is  satisfied  that 
he  can  trust  what  he  has  heard,  before  he  acts  upon  it.  When  data  are  traneponded,  no  comparable 
evidence  on  the  quality  of  the  link  may  be  available.  The  man's  firBt  intimation  of  trouble  may  be  that 
the  data  become  nonsensical,  vanish  or  never  change:  then  it  is  already  too  late  to  make  muoh  allowance 
for  their  loss. 


With  more  complex  forms  of  computer  assistance,  the  man  requires  a  great  deal  of  reassurance  that 
they  are  to  be  trusted,  particularly  if  the  solutions  they  advance,  though  safe,  are  not  the  ones  that 
ho  himself  would  have  adopted.  Hie  need  for  reassurance  is  the  greater  if  he  aoes  net  fully  unaorstand 
how  they  work,  what  they  have  taken  into  account,  or  how  they  ooulcl  fail.  A  major  radar  failure,  in 
which  the  screen  goes  blank  or  freezes,  Is  at  least  apparent  when  it  oocuru,  and  the  man  con  trust  the 
radar  display  in  so  far  as  he  believes  that  if  it  failed  he  would  know  at  once.  Modem  software, 
usually  so  reliable,  is  complex  enough  to  fail  in  a  vast  number  of  different  way3,  all  very  rare.  How 
could  the  man  detect  such  failures?  Would  there  always  be  some  recognizable  display  characteristic  to 
denote  failure? 


One  practical  question  concerns  the  extent  to  which  the  man  con  discriminate  between  his  own  entire 
and  those  of  the  system.  Consider  a  uimplo  keying  task.  h’rrore  and  omissions  fall  into  four  categories. 
The  man  may  moke  an  error,  detect  it  and  correot  it.  The  machine  may  be  programmed  to  deteot  certain 
categories  of  error,  whether  machino  errors  or  man  errors,  correot  them  or  not  accept  them.  The  machine 
may  make  an  error  which  it  has  not  been  programmod  to  recognise  as  uuoh.  The  man  may  make  an  error  and 
remain  unaware  of  it.  What  ia  the  man's  attitude  to  these  last  two  kinds  of  error,  one  by  the  machine 
and  the  other  hie  own?  Are  there  some  machino  errors  that  he  believes  might  be  hiu  own?  lloes  lie 
attribute  any  of  his  own  errors  unhesitatingly  to  the  muohine,  os  mistakes  that  he  could  not  possibly 
have  mode  himself?  Anecdotal  evidence,  awaiting  soisntifio  substantiation  or  disproof,  suggests  that 
oven  when  the  man  is  making  errors  that  he  fails  to  recognise,  it  can  be  very  diffioult  to  convince  him 
that  a  maohlno  error  of  apparently  similar  type  was  hia,  even  though  ha  la  willing  tc  oonoedo  hie  real 
errors  whioh  he  had  not  hitherto  notioed.  This  iasua  of  the  plausibility  of  errors  is  related  to  the 
man’s  trust  of  the  maoliina.  It  would  bo  helpful  to  have  better  guidolinee  on  how  the  man  diagnoses  an 
error,  eo  that  software  could  be  written  to  facilitate  the  human  ability  to  diagnose  errors  and  to 
minimise  mistakes  in  that  diagnosie.  If  either  hardware  or  software  can  beoome  seriously  deficient  or 
in  error  before  any  signs  of  tliis  beoome  visible  on  the  man'B  displayn.  ♦hen  euoh  deficiencies  and  errors 
must  not  be  of  major  operational  significance,  for  the  man  oan  do  noth  counter  them  until  their 

eigne  become  apparent.  But  a  system  that  con  go  seriously  wrong  bufori  haa  any  inkling  of  it 

iu  not  a  eyotora  lie  will  be  willing  to  trust. 


ion  that  he  doos  not 
eingle  failure  occurs 
ipo  for  ever.  If  after 
say  never  be  quite 
>  its  user  to  trust  the 
and  software  leave  him 
is  i  t  loss  au  he  learns 
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Perhaps  it  con  take  as  long  os  a  year  for  the  man  to  aooept  s  con 
really  understand  as  trustworthy  onough  for  him  to  use  without  reuerva 
during  that  time,  it  will  set  back  the  development  of  trust  for  a  long 
yeara  without  failure  a  single  failure  oocuro,  the  original  high  level 
reutored  again.  Does  a  detailod  knowledge  of  relevant  hardware  and  eoi 
relevant  functionu  nore,  or  does  knowledge  of  the  daunting  complexity  ol 
with  the  overriding  impreoBion  of  so  many  thingfl  that  oould  go  wrong  that 
more  about  it?  The  answers  to  this  and  previous  questions  raised  In  this  r. 
aro  matters  of  i'aot,  ascertainable  by  empirical  mathode  (using  very  reliable 

the  answers  may  not  be  rational.  Human  subjective  impreesionB  do  not  accord  eo  well  with  mathematical 
probabilities  that  the  actual  degree  of  trust  would  bo  expeoted  to  agree  with  the  theoretically  correct 
level  of  trust.  Nevertheless,  in  the  matter  of  trust,  controllers  aot  on  what  they  believe!  thie  may 
dioagroo  with  the  objective  evidence  which  they  may  not  know  of,  acoept,  or  interpret  impartially . 
bindings  in  the  form  of  guidelines  to  equate  the  trust  actually  accorded  to  information  with  the  trust  it 
ohould  bo  aocorded  would  be  a  practical  benefit.  Trust  is  currently  too  arbitrary.  Qualitative  displayed 
information  may  help  to  make  it  more  realistic,  and  thoreby  promote  safety  and  efficiency.  The  ways  in 
whioh  changes  are  introduced,  and  the  extent  to  which  the  reasono  for  ohanges  have  been  explained  and  the 
controllers '  collaboration  sought  in  advance,  may  have  substantial  effects  on  tho  extent  to  whioh  an 
innovation  is  initially  trusted. 


14h  JOB  SATISFACTION 


Hightly  or  wrongly',  the  impression  han  been  prevalent  among  controllers  for  eomo  time  that  many  of 
the  air  traffic  control  functions  most  important  for  job  satisfaction  will  no  longer  be  there  in  future 
air  traffic  oontrol  oyetomo1?1.  When  expressing  such  views,  controllers  are  interpreting  job  satisfaction 
in  terras  of  the  designs  of  their  jobs,  their  acquisition  and  use  of  knowledge  and  skills,  and  tho  variety, 
interest  and  challenge  of  their  work.  Other  interpretations  of  job  satisfaction  have  been  advanoed.  One 
emphasises  the  satisfaction  of  pay oho logi oa l  needs  at  work,  with  resultant  benefits  in  favourable  atti¬ 
tudes  and  strong  motivation.  Another  dwells  on  the  importance  of  fair  rowaixio  for  the  effort  expended  and 
work  done.  A  further  interpretation  is  moot  concerned  with  status,  progress,  rosponeibi lity  and  recogni¬ 
tion.  Yet  another  would  assign  high  importance  to  opportunities  for  controllers  to  participate  in  planning 
and  deoiaion  making  that  have  dr  re ct  effects  on  their  work.  There  iu  some  substanoe  In  all  these 
Interpretation!!,  but  none  alone  is  complete,  and  even  collectively  they  may  still  be  incomplete. 
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Just  as  there  are  no  universally  uccoptcd  theories  oi  job  satisfaction,  eo  there  is  no  agreement  on 
what  is  to  bo  gained  by  achieving  it.  Rveryono  seems  to  nod  sagely  at  tho  pronouncement  that  job 
satisfaction  is  "a  good  thing",  without  asking  wl\y.  Kvidenco  that  job  satisfaction  brings  tangible 
benefits  in  tho  form  of  enhanced  safety,  improvod  efficiency,  increased  well-being,  or  reduced  costs,  is 
at  best  inconsistent,  and  it  would  certainly  be  unwise  to  presume  tiiat  all  that  is  needed  for  such  bene¬ 
fits  to  accrue  is  greater  job  satisfaction.  They  might  follow:  more  probably,  increased  ,iob  satisfaction 
would  not  have  much  effect  on  them  at  all.  Nor  10  much  progress  possible  by  contending  that  increased  job 
satisfaction  bringe  more  happiness,  whioh  brings  higher  productivity  in  its  turn.  Plaiiaibie  as  this 
sounds,  the  evidence  for  a  relationship  between  happiness  and  productivity  is  equally  inconsistent:  it 
would  be  unwise  to  rely  on  it.  The  ultimate  reasons  for  job  satisfaction  aro  usually  expressed  in  such 
terms  as  the  quality  of  working  life,  and  in  the  assumption  that  everyone  is  entitled  to  expect  that  some 
effort  has  boon  made  to  provide  him  or  her  with  a  job,  conditions  of  employment,  and  a  working  environment 
that  are  suited  to  human  needs  and  fostsr  human  talents. 

Advocates  of  tho  need  for  job  oatiafaetion  usually  start  from  tho  concept  of  tho  aooio-tochnioal 
system,  which  is  broader  than  the  more  oommon  notion  of  tho  man-machine  system.  The  difference  between 
them  is  part ly  a  matter  of  emphasis.  Both  contain  men  and  machines  us  system  components.  Tho  man- 
machine  system  is  primarily  a  product  of  tho  system  designer:  his  knowledge  is  technioal,  so  that  tho 
tasks  and  their  interrelationships  that  omorgo  as  t system  evolves  aro  largely  an  offshoot  of  the 
technology.  The  main  constraints  on  the  system  ar-  1  jehno  logical,  and  tho  main  adaptation  is  done  by  tho 
man.  The  socio-technical  system  is  a  joint  product  of  system  dasignoru  and  human  factors  specialists, 
with  detailed  consultation  of  management  and  users.  The  aim  is  to  onhance  both  human  and  technical 
capabilities  on  an  approximately  equal  footing.  A  preiniso  is  that  technology  ie  now  sufficiently 
advanced  and  flexible  for  it  to  be  adaptable  to  meet  human  needs  and  to  meet  other  toclmioal  neodu.  Tho 
aims  aro  to  increase  both  technical  efficiency  and  job  satisfaction.  The  contention  is  that  both  social 
and  technioal  factors  point  to  this  as  the  most  profitable  direction  to  follow  in  an  attempt  to  reconcile 
incompatibilities  between  social  and  tooiinioal  changes. 

Among  the  multitude  of  concepts  spawned  by  the  amorphous  job  satisfaction  literature,  a  fow  can  be 
clarified  somewhat  and  distinguished  from  each  other.  Job  satisfaction,  as  a  general  term  rather  than  in 
any  speoifio  theoretical  context,  rel'ora  to  tho  satisfaction  from  tho  content  of  tho  job,  tho  way  it  is 
organised,  and  tho  oi roumstanoeo  under  whioh  it  is  dono.  Job  onriohmont  usually  implioo  aomo  extension 
of  responsibilities,  and  perhaps  of  status.  Job  enlargement  usually  l-ol'ers  to  a  bigger  variety  of  tasks 
at  tho  same  level,  often  without  inaronnod  rosponui bi litios.  Job  rotation  moanu  moving  between  jobu 
which,  nominally  at  loast,  are  all  at  tho  same  level.  Air  traffic  oontrol  praotioos  in  relation  to  job 
rotation  vaiy.  In  countries  whore  controllers  are  trainod  primarily  for  a  single  job  at  a  particular 
facility,  opportunities  for  job  rotation  aro  few,  but  whero  controller  training  lias  boon  genoral  and 
broad  and  controllers  are  validatod  for  several  jobs,  job  rotation  is  commonly  practised,  and  it  can  add 
substantially  to  job  satisfaction. 

The  overriding  point  is  that  current  air  traffic  control  jobs  generally  carry  a  high  lovei  of  job 
satisfaction.  In  air  traffio  control,  the  aim  is  not  eo  much  to  engender  job  satisfaction  an  to  maintain 
it.  Tho  main  problems  aro  human  roles  that  aro  nubuorvient  to  maehinou,  tho  imposition  of  changes 
without  adequate  explanation,  and  disillusionment  with  management  and  conditions  of  omploymont.  The 
reward  of  job  satisfaction  is  a  dedicated,  co-operative,  stable  and  enthusiastic  workforce. 
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CHAPTER  15 

Tift;  MEA'JUREMEHT  OP  THE  AIH  TKAl'TO  fiOHTIlOLLEIi 


15a  PUHP'.'tJliB  OP  MEASUREMENT 

Thoro  are  many  reasons  for  measuring  the  controller!  and  many  moauui'cs  that  can  lie  employed.  There 
arc  fow  purposes  for  which  a  singlo  moasurc  can  suffice,  and  none  that  need  all  posolble  measures.  The 
praotioal  requirement  is  theroioro  to  establish  exact 4'  tlio  objectives  ot  moasurc mont  and,  having  done 
00,  to  choooo  the  measures  wliich  ae  a  group  will  best  ensure  that  the  objectives  are  fully  mot.  A 
realiotio  empirical  approach  to  this  choice  is  essential,  as  distinct  from  an  idealiood  theoretically 
optimum  approach.  Praotical  considerations  that  ijovem  thin  choice  include  an  assessment  of  the  impor¬ 
tance  of  the  objective,  the  resources  that  can  bo  devoted  to  measurement,  the  tiincucalo  within  v.'hioh 
findings  must  become  available,  tho  specialised  toohniquoo  that  could  bo  used,  mid  the  quantities  of 
data  that  can  be  handled  successfully  and  interpreted  within  the  timescale.  Tho  purpose  of  measurement 
is  not  to  collect  data,  but  to  obtain  findings.  Data  that  have  been  collected  but  romain  unonalyood  and 
unreportod  represent  a  waste  of  resources  that  should  have  boon  put  to  moro  productive  uso.  Qy  now  thoro 
must  bo  many  air  traffio  oontrol  environments  that  house  heaps  of  data  about  controllers  that  no-ono  hao 
over  oxamined  thoroughly,  although  tho  intention  remains  to  look  at  thorn  one  day  when  there  is  timo. 
Measurement  is  not  simply  data  gathering. 

Among  tho  main  purposos  of  measuring  the  controllor  are  tho  following^  1 

(1)  The  development  or  validation  of  soleotion  procedures  for  controllers. 

(2)  The  conduct  and  tooting  of  controller  training  or  re-training. 

(3)  Tho  allocation  of  controllers  to  jobs. 

(4)  The  quantification  of  differences  between  individual  controllers,  and  of  tho  oonsequoncos  of 
those  differences  for  air  traffio  oontrol. 

(5)  The  definition  of  typical  or  attainable  levels  of  uafoty,  efficiency  and  performance,  and  of 
the  main  factors  that  con  influence  those  levels. 

(5)  The  upooi fioation  of  the  aetiology  of  human  orrors,  of  their  operational  consequences ,  nnd 
of  wayn  to  eliminate  or  minimise  them. 

(7)  ‘l'ho  optimisation  of  man-maoluno  relationships  and  of  human  roles  in  relation  to  aulomatud  aids. 

(8)  Tho  implementation  and  touting  01  proposed  ohungou  iu  air  traffic  oontrol  procodurou  or 
equipment . 

(9)  The  quantification  or  improvement  of  tho  safety,  ordorlinouu,  expedition,  oout-olTootivonceu  or 
economy  of  an  air  traffio  control  system  or  of  part  of  one. 

(10)  Tho  study  of  a  oub-aystom  consisting  of  a  controller  uning  nn  item  of  equipmont,  particularly 
to  establish  possible  applications  to  air  traffio  control  of  a  toclmologi oal  innovation  or 
advance , 

(11)  Tho  assessment  ol  the  offocto  of  aspects  of  tho  workupaco  or  tho  phyuical  environment,  on 
uafoty,  officiality,  performance  or  wall-being. 

(12)  Tho  examination  of  thn  offcote  of  tho  air  traffic  control  system  or  of  jobs  within  it,  on 
controllers  in  general  or  on  individual  controllers,  particularly  with  rcepoct  to  efficiency, 
workload,  stress,  hoalth  or  job  satisfaction. 

(13)  The  establishment  of  tho  offootw  on  air  traffic  control  or  on  tho  controllers  of  manning  levols, 
toam  structure  und  functioning,  or  communications  networks. 

(14)  The  specification  of  the  offocto  of  conditions  of  employment,  including  working  hours,  roc  tore , 
work -rest  cyclou,  retirement,  etc,  on  air  trall'io  control  or  on  oont  10 1  lo  rs . 

(15)  Tho  derivation  and  explanation  of  contro  1  loro'  beliefs,  attitudoa,  opinions,  and  professional 
norma  und  atondurdu,  and  tho  relationships  of  such  factors  to  eafoty  and  efficiency. 

(16)  Tho  interpretation  of  controllers*  tusks  and  task  performance  in  terms  of  fundamental  human 
abilities  and  limitations,  in  order  to  predict  possible  improvements  and  explain  them  in  terms 
of  psychological  theories  and  constructs. 

(17)  The  tooting  and  proving  of  proposed  techniques  for  measuring  controllers. 

(10)  Tho  comparison  of  air  traffio  oontrol  and  other  large  man -machine  systems  in  their  human 
factors  uupooto. 

15b  SYSTEM  PKHKHiMANCli 

Measures  of  uystem  performance  are  important  in  air  traffic  control  because  questions  are  usually 
posed,  and  answers  expected,  in  uystom  torms.  Although  the  actions  01  controllers  can  influence  many 
system  performance  measures,  the  moauureu  themselves  can  seldom  yield  direct  evidence  about  controllers. 
Systom  measures  relate  to  tho  system  as  a  whole,  or  to  man-machine  sub-systems  within  it,  but  not  to  tho 
man.  uystem  performance  moanureo  do  not  normally  distinguish  between  or  disentangle  the  contributions  >1 
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the  man  and  of  tho  machine.  Ac  automated  aids  are  introduced,  functions  that  could  once  bo  deecribed  in 
human  performance  terms  bcooine  incorporated  into  a  man-machine  sub-eystem,  and  form  part  of  the  measures 
of  that  system.  System  performance  measures  often  provide  a  framework  into  which  other  measures  have  to 
be  fitted,  or  a  context  within  which  other  measures  must  be  interpreted. 

In  air  traffic  control  and  othor  large  man-machine  systems,  system  performance  measures  refer  to  inputs 
to  the  system  or  sub-eystem,  changes  and  transformations  wrought  within  it,  or  outputs  from  it.  Inputs 
and  outputs  generally  deal  with  air  traffio  itself,  and  with  information  about  that  traffic  from  sensors, 
navigation  aids,  computations,  and  othor  sources.  Some  inputs  in  particular  may  relate  to  the  traffic 
itself  only  indirectly,  and  refer  for  example  to  serviceability  states  of  radars  or  to  weather  conditions. 

Measures  of  traffic  are  general  or  are  concerned  with  speoifiod  aircraft.  General  measures  deal  with 
types  of  traffio,  flow  rates,  traffic  mixes,  distributions  of  traffic  flow,  pre-planning  of  flows  and 
routaings,  traffio  numbers,  traffic  peaks,  amalgamation  or  separation  of  traffic  streams  and  routes, 
staoking  states,  and  the  like.  Specific  measures  centre  on  the  effects  of  ths  air  traffic  control  system 
on  each  aircraft,  and  the  effects  of  each  aircraft  on  the  system.  Effects  on  aircraft  are  described  by 
rout i  3,  delays,  manoeuvres,  restrictions,  fuel  penalties,  and  allied  measures.  Effects  on  the  system 
refer  to  aircraft  characteristics  such  as  height,  speed,  heading,  and  performance,  and  to  tho  service¬ 
able  equipment  carried  on  board.  Further  airoraft  oharaotoriatics  consider  supeiaonic  aircraft,  low 
and  slow  airoraft,  climb  and  descent  rates  of  different  aircraft  types,  IFR  and  VFR  flight,  and  eimilar 
factors. 

Homo  aspects  of  traffic  flows  and  routeings  may  bo  used  to  derive  further  system  performance  measures, 
Examples  are  metering  and  sequencing  of  traffic,  the  capaoity  of  routes  and  tho  use  made  of  the  available 
oapaoity,  and  separation  standards  and  the  extent  of  adhe.renoo  to  thorn  or  infringements  of  them. 

Suoh  measures,  and  others  derived  in  similar  ways,  can  form  the  basis  in  their  turn  of  further  Bystom 
performance  measures.  These  include  safety,  the  development  of  queues  and  blockages  in  the  flow  of 
information  through  the  system,  and  indioeo  of  system  efficiency.  The  laet  may  be  descriptive  in  that 
judgments  of  efficiency  are  based  on  a  factual  account  of  tho  way  in  which  the  system  actually  functions, 
or  thoy  may  be  comparative,  if  on  independent  assessment  of  optimum  effioiency,  boood  on  operational 
analysis  or  allied  techniques  and  generally  expressed  in  mathematical  terms,  iB  employed  as  a  criterion 
to  assess  aohieved  efficiency. 

Many  of  these  techniques  incorporate  changes  and  transformations  within  the  system,  as  well  as 
inputs  to  it  and  outputs  from  it.  Sams  further  system  performance  measurements  tuke  more  direct  account 
of  the  effects  of  the  system  itsolf  on  tho  information  passing  through  it.  As  example  is  tho  measurement 
of  voice  channel  occupancy  times:  this  is  a  system  measure,  as  distinct  from  measures  of  tho  controller 
whiah,  in  relation  to  voioo  channels,  arc  more  concerned  with  the  contont  of  the  transmitted  information. 
Channel  occupancy  times  may  give  an  indication  of  uystom  loading,  but  are  unreliable  as  indices  of 
loading  on  the  controller  because  of  tho  propensity  of  vsrbal  information  to  expand  to  fill  the  time 
available.  Another  system  performance  measure  concerns  system  reliability,  expressed  in  terms  of  failure 
rates  or  servioeabi lity  utatou  of  components  in  the  system,  porhaps  with  details  of  tho  nature  of 
failures.  Eyotom  reliability  is  usually  OHtimatod  in  tarns  cl'  machine  components  rather  than  nan's 
fallibility.  If  tho  luttor  io  considered,  its  offsets  are  normally  confined  to  aspects  of  his  task 
performance.  However,  au  on  oxtromo  example,  if  controllers  go  on  strike  this  is  not  generally 
expressed,  though  perhaps  it  should  be,  as  a  grocs  reduction  in  tho  overall  reliability  of  tho  air  traffic 
control  system,  and  probably  the  severest  induction  in  reliability  that  can  occur. 

When  functions  are  automated,  thoy  tend  to  retain  the  name  functional  descriptions,  suoh  as  decision¬ 
making,  that  thoy  had  in  their  manual  form.  This  can  bo  misleading  in  measurement,  as  it  seems  to  imply 
tliat  liko  is  being  compared  with  like  when  a  manual  function  in  related  to  an  automatic  equivalent  of 
it.  In  system  performance  terms,  this  limy  be  correct.  In  relation  to  tho  controller  it  almost  invari¬ 
ably  is  not.  The  manual  and  automated  versions  of  tasks  that  can  fulfil  oquivalont  functions  may  in 
othor  respects  bo  very  different  from  the  point  of  view  of  the  oontrolior. 

1 5c  TASK  l’ERFORMANCE 

Whercaa  system  performance  measures  uro  centred  on  tlu  system,  task  perform;  u;o  can  bo  measured  at 
various  lovolo  of  detail,  doponding  on  tljc  purposes  ol'  measurement  and  tho  corresponding  levels  of  task 
analysis  or  synthesis.  A  recent  report1  ,  concerned  with  the  reactions  of  controllers  to  computer 
assistance,  contains  examples  of  task  descriptions  at  five  different  levoln,  ouch  of  which  refers  to 
human  functions.  At  the  inoBt  detailed  level, the  number  of  identifiable  functions  becomes  vory  iarge,  and 
thu  effort  involved  m  measuring  thorn  all  could  be  justified  only  in  rare  ciroumslancoo. 

Tasks,  functions  and  groups  of  nub-tasks  are  most  readily  measured  in  objective  terms  whon  tho  onset 
and  termination  of  each  is  invariably  defined  by  a  measurable  event.  The  occurrence  of  this  event,  and 
its  timing,  are  recorded  and  form  the  fundamental  data  on  whioh  further  measures  of  task  performance  are 
based.  It  does  not  matter  so  much,  for  any  given  ta3k,  if  its  onset  (or  termination)  is  not  always 
signalled  by  tho  namo  ovont,  although  it  simplifies  the  measurement  and  analysis  if  it  is;  however  it  iB 
very  important  that  the  task  can  nevor  begin  (or  end)  in  nomo  circumstances  without  any  predefined 
measurable  event  at  all.  If  this  con  happen,  then  certain  categories  or  conditions  of  that  task  may  not 
bo  represented  at  all  or  be  represented  in  a  biaued  fashion  in  the  measures.  Furthermore ,  tho  measures 
that  can  bo  obtained  from  tho  ocoasions  when  the  event  doos  occur  may  not  bo  representative  of  the  whole. 

In  some  contexts  this  remains  a  theoretical  issue  of  negligible  signi ficanoo ,  l'n  air  traffic  control 
i.t  can  asoumo  great  practical  importance:  some  tasks  such  as  handovers,  may  sometimes  bo  marked  by 
overt  measurable  ovents  eo  that  their  onset  and  completion  can  bo  designated  as  timed  occurrences,  but 
in  tho  case  of  silent  handovers  there  may  be  no  corresponding  doteotable  event,  other  air  traffic  control 
tanks  can  be  fluid:  they  may  bo  omitted,  postponed,  oondonsed,  or  dono  only  in  part  whenever  the  task 
demands  arc  heavy,  but  lingered  over,  repeated,  or  done  in  more  dotail  whenever  the  task  demands  are 
light.  The  resulting  moasures  may  have  to  be  corrected  or  converted  to  a  form  suitable  for  analysis, 
and  even  then  thoy  will  remain  Incomplete  or  inadequate.  This  constraint  is  the  more  uerious  because  it 
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is  associated  with  the  conditions  of  highest  task  demands;  when  the  measures  are  of  nx>ut  interest  and 
importance  they  are  most  likely  to  be  inadequate. 

Direct  measures  of  task  performance  that  require  activity  or  behaviour  to  be  recorded  in  terms  of 
events  or  continuous  activities,  become  less  practical  as  the  controller's  role  becomes  more  passive 
because  there  are  fewer  act ivi ties  to  measure.  Many  are  replaced  by  machine  events  that  are  not  under 
the  man's  control,  such  as  the  routine  updating  of  displayed  information.  Little  overt  measurable 
activity  occurs  in  monitoring  roles,  and  it  may  become  necessary  to  resort  to  techniques  such  as  eye 
moi/emont  recording  to  discover  where  the  man  looks  and  to  make  deductions  about  the  information  he  has 
gathered.  This  can  involve  assumptions  that  he  is  attending  to  what  he  looks  at. 

Aids  that  put  forward  solutions  or  decisions  for  the  man  to  accept  or  reject  pose  a  considerable 
problem  in  measuring  the  tasks  that  man  performs  in  using  them.  The  end  of  his  task  may  be  signalled 
clearly  enough  because  the  man  presses  an  appropriate  key  to  accept  or  reject  the  solution,  or  takes 
another  action  that  can  be  recorded,  but  the  intervening  thinking  may  not  be  accompanied  by  any 
measurable  events  that  correspond  closely  to  the  mental  tasks  ho  is  doing,  and  the  final  action  of 
pressing  the  koy,  whether  it  ia  correot  or  not,  is  uninformative  about  these  intervening  mental 
processes.  Various  techniques,  including  subjectivo  reports,  eye  movement  recording,  an  examination  of 
the  appropriate  procedures  taught  to  him  during  training,  and  deductions  from  the  timing  and  correot-. 
ness  of  his  responses,  may  give  some  indication  of  the  mental  processes  that  he  has  boen  following,  but 
not  in  a  quantified  measurable  objective  way  that  yields  consistent  data  useful  for  comparing 
individuals  or  conditions. 

Alternative  methods  of  recording  controller's  activities  include  photographing,  filming  or  video¬ 
taping.  The  apparent  attraction  of  those  methods  in  providing  a  comprehensive  record  of  controller's 
actions  can  be  negated  by  the  oppressive  analytical  load  imposed  ty  the  classification  and  reduction  of 
the  resulting  data:  few  objectives  can  justify  such  a  burden,  whio/t  is  almost  invariably  so  timo- 
consuming  that  it  oan  delay  seriously  the  appearance  of  the  findings.  A  photographic  record  is 
recommended  strongly  to  provide  a  sample  of  typical  activities,  or  to  perpetuato  in  some  form  equipment 
configurations  before  they  are  dismantled,  but  such  a  record  cannot  be  rocommonded  os  the  basic  data 
for  analysis. 

While  such  cumbersomo  methods  may  be  avoidable  with  visual  data,  they  may  be  unavoidable  with 
auiitoiy  data,  particularly  with  apoooh.  To  record  speech  adequately  as  on  integral  part  of  tack 
performance,  it  iB  normally  necossaiy  not  merely  to  know  tho  onset  and  and  of  each  spoken  message,  but 
its  content.  Channel  occupancy  times  are  not  themselves  a  useful  moasure  of  task  performance,  particu¬ 
larly  in  air  traffic  control  where  they  can  expand  to  fill  the  time  available.  The  oontonta  of  spoken 
messages  must  be  catogorised  in  advonoe  bofore  thoy  are  recordod.  Tho  messages  and  their  categoric  at.  ion 
may  then  have  to  bo  fitted  into  tho  context  of  other  timed  ovonto,  and  converted  into  a  form  compatible 
with  other  measures  before  a  full  analysis  of  task  performance  can  bo  undertaker*.  In  certain  laboratory 
tasks  with  a  few  spoken  messages,  it  is  possible  to  use  a  voice  key  or  to  roplaco  speech  with  alternative 
events  with  equivalent  moaning,  in  ordor  to  provide  data  suitable  for  immediate  an^^nSis,  In  air  traffic 
control,  with  its  great  variety  of  spokon  messages,  speech  as  such  must  often  be  measured  os  part  of 
the  task,  and  not  convert od  to  othar  forme  which  are  not  sufficiently  equivalent  for  measurement  purposes. 

Tho  advent  of  tho  micro -computer  lias  facilitated  the  measurement  of  task  performance.  It  has  mado 
it  easier  to  opacity  inputs,  to  control  and  rxploro  variables  thoroughly  in  aacordanoe  with  tho  orthodox 
principles  of  experimental  psychology,  to  prosont  dynamic  and  interactive  tasks,  to  record  activities  and 
outputs  in  tho  form  of  timod  ovents,  and  to  employ  appropriate  automated  statistical  techniques  to  ana¬ 
lyse  data  quickly.  In  using  micro -computers  for  the  measurement  of  task  performance  in  air  traffic 
control  there  is  only  one  real  problem  -  thoy  arc  not  within  on  air  traffic  control  oystom  or  cuntcxt 
and  cannot  normally  be  employed  to  measure  whole  air  traffic  control  tasks,  but  only  aspects  of  them 
or  human  abilities  pootulated  as  relevant  to  them.  Nevertheless,  micro-computers  can  provide  much  useful 
evidence  about  the  capabilities  and  limitations  of  people  in  general,  or  of  air  traffic  controllers  in 
particular,  and  they  make  it  easy  to  assess  quantitatively  aspocts  of  air  traffic  control  tasks  taken 
out  of  context.  This  apparently  oblique  approach  to  air  traffic  control  problems  con  be  most  useful,  and 
provide  many  helpful  insights.  Basic  evidence  about  human  cognitive  functions  should  remain  valid  in 
£uiy  context  including  air  traffic  control,  but  the  further  the  studies  with  tho  micro-computer  stray  from 
fundamental  findings  about  people  towards  the  direct  examination  of  taukB  derived  from  air  traffic 
control,  the  more  the  validity  of  the  findingr  for  real  air  traffic  control  becomes  suspect,  because  of 
the  impossibility  of  representing  overy  aspect  of  evon  tho  oimplcui  air  traffic  control  task  on  a  eingie 
display  driven  by  a  micro-computer.  Studios  of  aspects  of  air  traffic  control  tasks  on  a  micro -computer 
should  be  encouraged,  bo  cause  thoy  oan  bo  highly  productive  and  are  far  cheaper  and  quicker  than  more 
sophisticated  alternatives  using  air  traffic  control  simulation  facilities.  However,  such  studies  require 
from  the  outset  an  accompanying  rationale  showing  how  their  findings  should  be  related  to,  or  validated 
for,  real-life  air  traffic  control.  The  problem  of  validation  becomes  clear  when  the  choico  of  measure¬ 
ments  for  an  experiment  with  a  micro-computer  or  for  real-life  or  simulated  air  traffic  control  tasks  is 
discussed,  since  different  measurements  are  likely  to  be  employed.  Micro-computore  may  be  beat  used  for 
task  performance  measures  which  pave  the  way  for  subsequent  work  in  air  traffic  control  contexts,  by 
distinguishing  tasks,,  measures,  variables  and  conditions  that  merit  fuller  study  by  simulation,  from  those 
that  do  not,  and  by  directing  the  planning  of  subsequent  simulation  studies  towards  their  most  productive 
aspects.  Studies  with  mioro-oomputors  arc  an  example  of  the  kind  of  preparatory  work  that  Bhould 
routinely  pro code  largo  simulations  and  evaluations. 

Task  performance  measures  in  essence  are  measures  of  what  the  man  did  and  achieved.  They  reoord 
whether  a  task  is  done,  when  it  .is  done,  how  well  it  is  done,  how  often  it  is  dono,  how  quickly  it  is 
done,  and  the  circumstances  under  which  it  ia  done.  They  may  even  attempt  to  record  why  the  took  is 
done.  Moaouree  may  be  loft  as  a  simple  factual  description,  or  may  be  scored  against  a  thooretical  or 
empirical  criterion  or  compared  with  corresponding  measures  by  other  people,  in  other  conditions  or  in 
other  places. 
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From  the  basic  recording  of  timed  discrete  events  or  of  continuous  events,  measures  of  numerous 
further  factors,  relatod  to  the  controller's  task  performance  rathor  than  to  the  system,  can  be  derived. 
Although  from  theGO  basic  measures  of  task  performance  it  may  bo  possible  to  make  some  deductions  about 
these  factors  retrospectively,  this  is  not  the  preferred  way  to  attempt  to  measure  them  in  task  perfor¬ 
mance  terms.  It  is  better  to  start  by  deoiding  which  factor  or  factors  are  to  be  measured,  and  the 
appropriate  level  of  detail  required  to  fulfil  the  objectives  of  measurement.  Existing  or  specially 
devised  task  performance  measures  can  then  be  selooted  to  cover  the  objectives  of  measurement  a3  thoroughly 
as  possible.  For  most  objectives,  task  performance  measures  will  not  in  themselves  be  sufficient,  but 
once  thay  have  been  ohosen  the  additional  types  of  measure  that  will  also  bo  needed  to  meet  the 
objectives  can  be  deduced  and  added.  The  experimentation  thuB  begins  with  a  full  appreciation  of  all  the 
measures  being  taken  and  of  their  respective  contributions  to  the  objectives. 

The  following  list  gives  examples  of  faotors  that  can  be  measured  wholly  or  in  part  by  task 
performance  measures,  and  for  which  at  least  some  task  performance  measures  are  normally  essential.  A 
brief  indication  of  the  types  of  performance  measurement  that  may  be  suitable  for  each  is  given. 

(1)  Skill.  Measurements  of  events  normally  include  their  sequence,  pacing,  timing,  regularity, 
and  smoothness  of  flow.  Me.’  > urea  may  be  specific  (for  example  the  use  of  a  particular  input 
device),  or  general  (for  example  competence  at  a  work  position). 

(2)  Safety.  Measures  concentrate  on  oont roller-instigated  events  with  direct  implications  for 
safety,  including  thoir  timing.  These  events  are  classified  and  scored  in  relation  to 
independent  external  criteria  such  as  safety  standards. 

(3)  Effioienoy.  Measures  emphasis  the  total  amount  of  activity,  and  rofor  closely  to  system  measures 
that  specify  the  amount  of  traffic  under  control. 

(4)  Learning.  Measures  emphasise  dimensions  that  can  show  learning  effects.  These  may  include 
choice  and  sequence  of  events,  but  are  likely  to  emphasise  timing  between  events,  and  the 
gradml  reduction  of  inappropriate  actions. 

(5)  Experience.  Measures  of  task  performance  often  ure  compared  with  biographical  data  and 
correlated  with  valuables  in  it. 

(6)  Loading.  Measures  of  task  performance  are  correlated  with  individual  measures  of  the  controller 
and  with  oyatom  performance  measures  so  that  the  aotivities  of  the  man  can  be  compared  with 
task  demands. 

(7)  Decision-making.  Measures  of  task  performance  may  bo  compared  with  automated  functions  and 
with  data  on  the  amount  of  information  used.  Subjective  assessment  techniques  may  provide 
supporting  evidanoe. 

(8)  Problem  solving.  Measures  of  taok  performance  are  related  to  subsequent  events  to  oetablich 
the  efficacy  of  the  solution,  and  may  be  supported  by  subjective  evidence,  system  performance 
data  or  data  derived  from  automated  functions. 

(9)  Understanding.  Meas-ires  of  task  performance  may  go  beyond  the  normal  measures  and  introduce 
additional  tasks  to  explore  whether  all  the  information  required,  to  perform  them  has  in  fact 
beon  understood.  Subjootive  assessments  may  provide  supplementary  information  or  independent 
verification. 

(10)  Memo.vy.  Measures  of  task  performance  may  be  related  to  knowledge  provided  in  advance,  or  tasks 
may  be  repeated  in  similar  form  at  intervals  while  data  are  being  gathered.  Alternatively, 
additional  measures  may  be  made  after  completion  of  the  customary  ones.  Subjective  evidence 
may  also  be  gathered. 

(11)  Strategies.  Measures  of  task  performance  to  study  strategies  tend  to  be  general  and  not 
detailed,  putting  particular  emphasis  on  sequences,  durations  and  patterns  of  events  rather 
than  on  fine  details  of  the  nature  of  the  events  themselves. 

(12)  Tactics.  Maasuies  of  taBk  performance  tend  to  be  related  to  specific  identifiable  inputs,  often 
in  the  fora  of  l:nown  problems,  where  the  performance  measures  trace  in  detail  the  events 
leading  to  tho  outcome,  and  reoord  the  outcome  itself. 

(13)  Attention.  Measures  of  task  performance  tend  to  bo  of  non-standard  non-routine  events  that 
cannot  bo  ovorlearatid  but  that  the  mar.  cannot  deal  with  except  by  attending  to  them.  Timing 
of  events  may  also  bo  measured  carefully.  Subjective  reports  may  be  gathered.  Another 
related  measure  is  eye  movement  recording. 

(14)  Time-sharing.  Measures  of  task  performance  emphasise  the  soquence,  timing  and  regularity  of 
events,  and  in  oortain  respeots  the  measures  may  deliberately  lack  homogeneity,  since  the  tasks 
are  not  designed  to  be  performed  as  a  unified  entity,  live  movement  recording  may  also  be 
U3ed.  Task  measures  must  bo  appropriate  for  each  task  individually  and  for  tasks  in  combina¬ 
tion,  so  that  appropriate  comparisons  can  bo  made. 

(15)  Judgment.  Measures  of  task  performance  may  bo  at  any  level  of  detail  to  accord  with  the  kinds 
of  judgment  studied.  The  number,  •  jiige,  sequence  and  timing  of  recorded  events  may  be  of 
particular  interest. 
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(16)  Level  of  activity.  Moasuros  of  task  performance  either  emphasise  the  need  for  active 
involvement,  in  which  case  many  measures  will  often  be  made  so  that  different  levels  of 
activity  can  be  discriminated  in  a  sensitive  fashion,  or  the  measures  are  of  events  that  are 
optional,  peripheral  or  subjeot  to  automated  assistance  in  order  to  aasesa  aocurataly 

the  level  of  activity  that  has  been  chosen  when  a  choice  is  available. 

(17)  Divisions  of  work.  Measures  of  task  performance  may  be  most  concerned  with  the  work  poaition 
at  which  tho  work  is  being  done,  to  show  how  work  is  allocated  among  members  of  a  team.  The 
functions  of  the  supervisor  or  an  assistant  can  be  troatod  according  to  the  same  principles 
in  terms  of  task  performance  measures.  Verbal  communi  cat  ions  will  almost  certainly  be  needed 
os  a  further  measure. 

(18)  Intelligibility.  Measures  of  task  performance  that  are  taken  may  be  classified  primarily 
according  to  the  content  of  spoken  messages  and  equally  thorough  measures  of  this  content 

are  necessary.  A  common  classification  for  measures  of  intelligibility  and  of  task  performance 
has  to  be  evolved. 

(19)  Speech.  Measures  of  task  performance  can  bo  U3ed  in  studies  of  speech  but  are  subservient  to 
it  and  their  main  role  may  concern  independent  verification  or  support.  Task  performance 
measures  must  therefore  be  classified  and  analysed  according  to  variables  determined  by  spoecii 
content  and  not  by  measured  events. 

Most  but  not  all  attempts  to  measure  tho  controller  within  the  air  traffic  control  system  involve 
task  performance  measures  in  some  way.  The  reliability  and  validity  of  thesa  measures  varies  greatly 
according  to  their  objectives  and  practicality.  There  has  boon  some  tendency  to  presume  that  measures 
of  task  performance  are  an  essential  moans  for  tackling  every  queetion,  whioh  they  are  not.  They  have 
sometimes  boon  equated  too  closely  with  system  performance  measures.  Despite  this  over-emphasis  on  task 
performance  measures,  they  could  be  omployod  to  examine  several  further  factors  whioh  have  been 
comparatively  neglected.  Among  those  mentioned  above  which  are  in  this  category  are  Bkill,  memory, 
attention  and  task-sharing.  They  could  also  be  used  to  explore  further  the  conditions  when  data  limited 
or  resource  limited  processes 5°  limit  the  performance  of  air  traffic  control  tasks  and  to  probe  further 
the  controllers’  worry  about  losing  his  picture  of  the  traffic -^5  .  The  above  are  largely  cognitive 
functions.  More  specific  air  traffic  control  tasks  on  whioh  further  evidence  could  probably  be  gathered 
using  appropriate  task  performance  measures  inoludo  handovers,  the  effects  on  performance  of  the 
presence  or  absenoe  of  qualitative  information  about  the  presented  data,  the  causes  and  consoquenoeo  of 
boredom,  the  factors  that  affect  the  timescale  of  air  traffic  control  decisions,  and  the  controller's 
ability  to  adapt  to,  and  make  optimum  use  of,  additional  oontrol  over  his  own  workload.  Although  many 
measures  of  task  performance  have  been  triad  in  air  traffic  oontrol,  a  few  untried  ones  apparently  remain. 

15d  ERiiOHS,  DELAYS,  OMISSIONS  AND  INCONSISTENCIES 

Tho  previous  section  considered  task  performance  measures  broadly,  in  terns  of  what  tho  man  doos  or 
achieves.  This  section  also  concerns  task  performance  measures,  but  its  emphasis  is  on  what  the  man 
does  not  do  or  fails  to  achieve,  Mai  lures  in  task  performance  can  take  so  many  specific  forms  in  air 
traffic  oontrol  tasks  that  it  is  impractical,  and  probably  impassible,  to  compile  a  comprehensive  list 
of  all  of  thorn.  However,  in  human  factors  terms,  this  multiplicity  of  failures  can  bo  classified  under 
tho  main  hoadingc  of  errors,  delays,  omissions  and  inconsistencies. 

(1)  ErrorG.  The  measurement  of  human  errors  in  tho  performance  of  air  traffic  control  tasks 

depends  initially  on  a  fundamental  division  between  two  different  types  of  error  at  tho  man- 
machine  interface.  This  division  derives  from  the  machine  or  system,  not  from  tho  man:  in 
tho  case  of  any  given  error  by  the  man,  the  system  either  will  or  will  not  aocept  it.  If  it 
will  not,  the  main  event  recording  can  include  details  of  tho  occurrence  of  the  error,  ito 
nature,  the  solution  to  it,  and  tho  time  taken  to  corroct  it.  The  classification  of  errors 
unaccepted  by  the  system  depends  on  pre-set  recording  and  categorisation.  If  thoBC  are  not 
comprehensive,  fuller  dutails  of  the  nature  of  the  system-detected  human  errors  may  not  be 
obtainable  subsequently. 

In  contrast,  human  errors  that  are  within  the  tolerance  of  the  system  and  accepted  by  it 
may  not  be  reoognieed  by  tho  system  as  errors  at  all.  Tho  recorded  measuros  of  events  may  hnve 
to  be  scored  according  to  an  external  criterion  in  order  to  detect  them.  Their  classification 
dopondo  on  the  amount  of  information  recorded  automatically  about  them:  what  constitutes  an 
error  is  a  matter  of  human  judgment,  and  not  a  maohino  decision.  It  may  be  difficult  or 
impossible  to  trace  the  consequsneos  of  auch  errors  in  task  performance  terms  if  the  machine 
does  not  recognise  thorn  or  distinguish  them  from  ouccessos.  The  measurement  of  errors  in  task 
performance  terms  is  therefore  substantially  predetermined  by  system  docign,  by  the  choice  of 
measures  of  task  porformanco,  and  by  the  predetermined  categorisation  of  the  measures  for 
analysis  purposes. 

Specific  instances  of  human  error  may  ooour  in  an  apparently  random  fashion,  but  the 
typoc  of  error  that  occur  are  not  fundamentally  random.  Most  are  predetermined  by  decisions 
about  the  workspace  design,  the  physioal  environment,  the  type,  sensitivity  and  positioning  of 
controls,  the  content  and  layout  of  displayed  information,  the  communications  notwork,  the 
divisions  of  responsibility,  task  designs,  and  individual  oharaotori sties  such  as  skill, 
training  and  experience.  Because  the  general  nature  of  many  errors  can  be  predicted,  it  is 
generally  feasible  to  specify  measures  to  detect  their  occurrence,  and  to  foroBtall  many  of 
the  most  serious  types  of  human  error  by  ensuring  that  the  machine  will  not  acoopt  them.  This 
improves  safety:  it  also  implies  that  any  errors  that  do  affect  safety  are  likely  to  be 
unusual. 

Training  influences  errors,  by  instilling  safe  habite  and  by  emphasising  the  need  always 
to  follow  standard  predictable  proven  procedures.  Ito 'training  has  to  address  the  problem  that 
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habits  that  arc  no  longer  appropriate  are  difl'icult  to  extinguish,  and  romain  a  potent  source 
of  errora,  particularly  under  heavy  workload  or  duress .  The  types  or  human  error  under  such 
oircumatances  are  also  largely  predi ctablo . 

Gonerally  it  is  not  helpful  to  record  the  occurrence  of  an  error  without  further  details 
about  it.  Within  reason,  the  fuller  tho  information  about  an  error,  the  bettor  tho  prospects 
for  preventing  its  recurrence.  All  orrors  are  not  troatod  alike.  There  are  degrees  of  ermr, 
in  terms  of  their  origins,  their  consoquoncos,  tho  prospects  of  recovering  from  them,  and 
whether  they  can  be  toloratod  or  must  be  corrected.  Me  as  urea  of  orror  should  provide  the  man 
with  enough  information  to  make  those  practical  distinctions.  A  role  of  man  is  the  detection 
and  correction  of  orrors.  liis  ability  to  fulfil  this  role  deponds  on  the  presence  of  informa¬ 
tion  that  enables  him  to  recognise  an  error  and  diagnose  it  correctly,  and  of  equipment  to 
resolve  it.  There  appears  to  bo  insufficient  ourront  human  factors  knowledge  about  tho  factors 
that  help  the  man  to  notice  his  own  errors,  and  of  his  ability  to  toll  the  difference  between 
his  own  errors  and  those  of  other  people  or  of  machines. 

A  problem  of  increasing  severity  io  that  as  systems  becomo  more  complex,  and  the  possible 
ways  in  which  a  machine  could  fail  become  vary  numerous,  the  mm  may  no  longer  recognise 
machine  errors  if  they  ooour  booauao  ho  has  no  moans  of  knowing  how  certain  kinds  of  failure 
appear.  If  the  man  is  supposed  to  have  a  role  in  correcting  such  errors,  he  needs  more 
information  about  thoir  causes,  the  extent  of  their  effects,  and  successful  moons  for  their 
diagnosis.  Such  maohino  orrors  arc  not  normally  included  in  task  performance  measures. 

(2)  Delays.  Tho  successful  measurement  of  delays  depends  on  the  rocording  of  timed  oventc  and  the 
calculation  of  lapsed  durations  botwoen  designated  ovonto.  Thoso  measured  durations  are  then 
compared  with  typical  or  tolerable  durations  botwoen  events,  and  judgments  are  made  about  dura¬ 
tions  that  are,  for  whatever  reason,  too  long,  and  thus  constitute  a  source  of  delay.  Because 
delays  are  measured  by  comparing  at  least  two  timed  evonts,  to  that  extent  they  aro  more 
vulnerable  to  defioionoioo  in  moasuromont  than  orrors  or  omissions  which  con  be  derived  from 
moauures  of  a  single  event.  A  low  instances  whore  tho  second  event  novor  occurs,  or  occurs 
only  after  a  very  long  time  indoed,  pose  problems  in  deciding  how  very  okewed  distributions 

of  delays  should  bo  handled  -  the  answer  in  aaoh  case  is  boBt  obtained  by  roferonco  to  the 
objeotivos  of  measurement  in  general  and  of  the  measurement  of  delays  in  particular.  The 
extent  to  which  distributions  of  delays  oan  bo  successfully  derived,  and  tho  nature  of  tho 
distributions  found,  aro  main  determinants  of  tho  feasibility  of  including  human  variability 
in  modols  and  fost-tims  simulations. 

The  number  of  separately  rooordod  timed  evontB  determines  the  lovsl  of  dotail  at  whioli 
tho  delays  oan  bo  measured .  Tho  claoeification  of  mousuroc  of  delays,  in  terms  of  tasks, 
system  variables,  and  especially  individual  differences,  fixes  the  questions  that  oan  bo 
answered.  Therefore  measures  of  doluys  to  moot  tho  measurement  objeotivos  should  bo  pio- 
dotorminod  before  they  are  taken  and  not  attempted  ro troops ctivoly.  Tho  clasoifi cation  and 
analysis  aro  vary  different  if  tho  objectives  are  to  dntormine  the  distribution  of  timo  token 
by  different  individuals  to  complete  a  particular  function,  to  discover  whether  experienced 
individuals  tend  to  bo  quicker  than  average  on  almost  all  functions,  to  establish  whether  tho 
ooourrenoo  of  delays  io  associated  with  a  reduction  in  orrors,  or  to  rank  functions  in  order 
of  the  timo  nooded  to  fulfil  thorn.  Such  questions  oan  all  be  answered  successfully  if 
appropriate  measures  of  delays  have  boon  specified  and  taken. 

(3)  Omissions.  In  terms  of  tank  performanoo,  emissions  refer  to  events  tlint  do  not  take  place. 

It  is  therefore  nocoouary  to  establish  the  nature  and  incidence  of  omissions  by  reforonoo  to 
other  measured  events  that  do  occur,  and  by  counting  the  instances  when  the  omitted  event  io  not 
associated  with  thorn  as  it  should  be.  Omissions  are  thus  deftnod  in  terms  of  taBk  performance, 
by  reference  to  other  ovonto  that  are  reoordod  as  happening.  Measuroo  of  omissions  am  limited 
to  classifying  them  and  counting  them*  Tho  reasons  for  thorn  cannot  usually  be  established  by 
task  performance  measures,  nor  arc  those  moanursB  sensitivo  to  degrees  of  omission,  since  the 
ooourrenoo  of  a  measured  event  io  Rn  all-or-nothing  proosus.  Task  performance  measures  there¬ 
fore  establish  tho  nature  and  incidence  of  omissions,  so  that  tho  seriousness  of  omissions 

as  a  problem  can  be  assessed,  but  further  details  about  tho  omissions  usually  have  to  bo 
obtain'd  by  other  means  before  the  reasons  for  thorn  bocome  clear.  The  only  exception  to  this 
concerns  omissions  oausod  by  high  workload  which  may  becomo  evident  from  tho  othor  measures  of 
task  performance. 

(4)  Inconsistencies.  These  are  assessed  mainly  by  comparing  and  analysing  measures,  and  by  statis¬ 
tical  analysis  of  tho  data  the  measuroo  yield.  Inconsistencies  may  conuom  erratic  behaviour 
within  a  maohine,  largo  differences  botweon  individuals,  or  the  unpredictability  of  tho 
activities  of  a  single  individual.  They  can  reduce  tho  reliability  and  validity  of  othor 
measures,  and  in  extreme  oases  swamp  the  variance  attributable  to  tho  independent  variables. 

Tack  periormanco  moasuroe,  collectively  and  individually,  can  establish  degrees  of  inconsistency. 

A  judgment  then  has  to  be  made  about  the  tolorable  or  reasonable  degross  of  inconsistency 
beyond  which  steps  to  reduce  it  must  bo  taken,  by  improving  the  maohino,  by  re-training  tho 
group,  or  by  discovering  the  causes  of  the  inconsistency  within  the  individual. 

inoonsiotency  is  easior  to  deal  with  if  thero  is  known  to  be  one  best  way  to  perform  each 
task*  If  there  iu  net,  attempts  to  reduce  inconsistency  may  not  lead  to  any  general  improvement 
in  task  performance.  If  several  alternative  methods  of  performing  tasks  produce  similar  results, 
thero  io  a  good  case  to  allow  oaoh  individual  to  ohoosc  the  method  that  suits  him  best,  at  the 
cost  of  an  increase  in  moasurod  inconsistency .  However,  there  is  an  optimum  way  to  perform  moat 
tasks,  ovon  thoso  in  air  traffic  control,  and  widooproad  inconsistency  is  often  a  sign  that 
this  optimum  is  not  known  or  is  not  followed. 


15*  PHYSIOLOGICAL  AND  BIOCHEMICAL  IN  DICKS 


The  main  purposes  1'or  which  physiol >gical  or  biochemical  measures  have  been  used  in  air  traffic 
control  relate  to  occupational  health^?,  otres3  (and  3train)  97  ,  and  effort  or  workload^54.  Interest 
in  these  measures  has  increased  during  the  past  decade  although  it  now  seems  to  be  waning.  Despite  the 
difficulties  of  instrumentation ,  sampling  and  data  reduction  and  analysis  associated  with  those  measuroo, 
they  have  been  employed  quite  widely  in  air  traffic  control.  None  of  the  reoulto  or  findings  obtained  by 
them  ha3  boon  sufficiently  encouraging  for  any  physiological  or  biochemical  measure  io  be  adopiod  as 
standard. 

Physiological  and  biochemical  indices,  when  employed  as  measures  of  occupational  health,  seek  facts 
about  the  health  of  controllers  as  a  group,  and  evidence  of  the  effects  of  air  traffic  control  on  hoalth, 
with  a  view  to  removing  the  sources  of  any  adverse  effects  where  possible.  Most  effects  are  neither 
largo  nor  consistent,  and  it  is  by  no  means  certain  that  the  effects  found  can  be  attributed  to  air  traffic 
control.  The  observed  health  changes  may  be  an  interaction  between  individual  predispositions  and  the 
nontext  in  which  the  work  io  done,  and  have  little  to  do  with  the  nature  of  air  traffic  control  work  as 
such. 


These  indices,  when  employed  to  assess  stress  or  strain,  attempt  to  verify  or  quantity  the  extensive 
anecdotal  evidence  that  air  traffio  control  is  a  particularly  stressful  profession,  in  order  to  trace  the 
causes  of  stress  and  alleviato  its  symptoms.  Kxperionce  here  has  boon  that  the  basio  premise  on  which 
much  of  the  work  was  founded,  namely  that  air  traffio  control  is  a  highly  stressful  occupation,  cannot  be 
sustained.  Unusual  stress  on  the  job  in  air  traffio  control  is  the  exception  rather  than  the  rule. 

These  indices  as  measures  of  effort  and  workload  have  indicated  some  relationship  with  the  amount  of 
traffio,  and  have  shown  that  a  greater  effort  has  to  be  made  to  control  larger  numbers  of  aircraft,  or 
aircraft  with  less  experienced  pilots  and  fewer  fit  tod  a.idB.  However,  moat  of  the  chongos  are  not 
gross,  particularly  in  experienced  controllers,  and  the  findings  have  scarcely  repaid  the  major  effort 
entailed  in  thoso  measurements. 

Physio  logical  and  biochemical  indices  present  a  problem  of  interpretation.  They  are  mean urea  of  an 
individual,  and  therefore  their  interpretation  must  refer  to  the  individual.  It  is  oorr.pa  rat  i vely  easy  to 
show  by  these  moaoureu  that  under  certain  oi rcu/natancoo  in  air  traffic  control,  stress,  strain,  effort 
or  workload  are  high.  This  in  itself  does  not  constitute  a  basis  for  action.  The  decision  is  not  whether 
they  are  high,  but  whether  thoy  are  too  high,  ua  tliat  practical  steps  to  reduce  them  must  bo  takon, 
either  to  sustain  the  safety  and  officioncy  of  the  air  traffio  control  syutem  or  to  safeguard  the  woll- 
boing  of  the  individual  controller.  Unless  the  pliyui o logical  and  biochemical  indices  produce  extreme 
readings,  which  thoy  ueldoin  do  in  air  traffic  control,  evidence  1‘or  action  must  be  dorived  partly  from 
other  sources,  oyinptoma  of  orceseivo  strain  are  not  common  among  controllers  in  most  countries. 
Psychosomatic  symptoms,  particularly  those  leading  to  medical  disqualification  or  associated  with 
psychiatric  symptoms,  are  not  very  common  either.  Morbidity  and  mortality  rates  do  not  provide  strung 
evidenco  that  would  oupport  physiological  and  biochemical  measures.  Kvidenoo  on  a  close  ro lationship,  or 
even  a  tenuous  ono,  between  aviation  safety  and  these  indices  is  lacking.  Nor  do  they  seem  to  bo  assoc¬ 
iated  with  efficiency  of  air  traffic  control  performance.  If  high  stress  in  procont,  it  done  not  seom  to 
inflict  any  permanent  harm  on  most  individuals,  and  if  it  shows  any  signs  of  doing  so  in  a  few  controllers, 
then  as  a  problem  it  has  to  be  tackled  at  an  individual  lovel,  and  not  by  indiGcriminat e  attempts  to 
reduce  stress,  which  for  tho  great  majority  seems  benign  in  itB  offeota.  The  reduction  of  the  need  for 
effort  does  not  seem  a  sensible  goal  in  itself  but  may  lead  to  more  difficult  problems  that  it  rooolvor. 

The  earlier  mo-'isuroo  in  air  traffic  control  wore  phyaiologi cal,  especially  concerned  with  heart  rate 
and  variability,  though  numerous  other  measures,  ouch  a  skin  resistance,  respiratory  rate  and  volume,  blood 
pressure,  and  ocular  movements  and  patterns,  have  boon  triod  from  time  to  tiino.  These  a_l  gave  results 
but  thoy  tonded  not  to  go  much  beyond  the  confirmation  01  the  obvious  (the  mor$  tho  traffic,  the  higher  the 
mean  heart  rate),  later  ^measures  havo  put  more  emphasis  on  biochemical  indices,  drived  from  sampl.cs  of 
blood  or  urine.  Mo lton ^55  attempted  to  develop  a  atrcuo  indox  baBed  on  biochemical  measures,  integrating 
catocholamineo  and  storoido  into  a  oinglo  adjusted  measure.  Howovor,  complications  arose:  epincphri.no 
excretion,  but  not  nonopinephrino  excretion,  was  related  to  traffic  volumo,  and  the  findings  could  perhaps 
bo  interpreted  better  in  terms  of  workload  or  coir.peti ti venesu,  than  in  terms  of  the  stressful  naturo  of 
air  traffio  control.  Recently,  physiological  and  biochemical  measures  seem  to  have  boon  used  loss  often 
in  air  traffic  control.  Perhaps  a  formerly  exaggerated  vi  uw  of  their  importance  iu  giving  way  to  a 
serious  undo reuti mate  of  thoir  worth.  Thoy  can  produce  data,  for  example  on  effort,  tliat  may  not  othorwiso 
be  obtainable.  However  thoy  are  moot  valuable  whon  used  in  conjunction  with  other  kinds  of  moauuru  which 
provide  a  framework  for  the  interpretation  of  physiological  and  biochemical  findings. 

I5f  MODELLING  AND  AL LIK'D  TKOHNUIUES 

Various  kinds  of  mathematical  modol  can  be  developed  to  measure,  predict  and  explain  human  perfor¬ 
mance.  Different  modelling  approaches  decend  on  different  thoorotical  constructs,  tenet. i  and 
ass  umpt  ions'  Allied  techniques  include  control  th  ory,  queueing  theory,  and  signal  detection  theory. 

Medals  havo  a  basis  in  nume ideal  mathematical  terms,  and  oft  an  include  notions  ouch  au  variance  and 
probabilities.  They  arc  used  more  often  to  measure  the  system,  and  to  form  the  baoio  of  foot— time 
simulation  studies,  than  to  measure  the  controller.  This  is  because  it  is  difficult  to  build  models  >1 
man  performing  complex  tacks  such  as  air  traffic  control  tliat  include  all  its  aupoctu  and  account  for  most 
of  the  observable  variability.  Nevertheless  it  is  often  possible  to  measure  the  man  by  building  a  model 
of  him,  and  to  use  the  model  to  predict  how  he  would  behave  in  unmeasured  circumstances,  particularly  with 
reference  to  hi a  task  performance.  The  concept  of  modelling  in  the  literature  io  somotuncs  omployod  in 
a  further  sense,  to  describe  a  mental  picturo  or  image  that  the  man  has  of  his  tasks,  but  to  a\oid  con¬ 
tusion*  it  io  not  used  in  this  sor.se  here. 

To  build  a  model  of  the  man  that  can  be  used  to  predict  hit.  performance,  it  ib  necessary  to  start 
from  a  job  description  or  task  analysis,  and  t,o  split  his  job  into  functions  suitable  for  {inscription  in 
mathematical  terms.  Tho  mathematical  descriptions  can  be  derived  from  theory,  from  evidence  in  the 


133 


literature  on  modelling,  or  i'roir.  empirical  data.  If  descriptions  can  be  derived  from  one  kind  of  evidence 
and  verified  or  validated  by  another,  then  this  confirms  the  descriptions  and  increases  confidence  in  the 
modol.  Ibr  oxamplo,  a  theory  may  be  used  to  predict,  on  the  basis  of  mcertainty,  relevance,  or  a 
comparable  principle,  the  controller's  pattern  of  eye  movements  in  performing  a  took.  Indopondont 
moasures  of  performance  of  actual  eye  movements  during  performance  of  the  task  may  be  token  to  confirm 
the  predictions,  and  thus  verify  the  model  derived  from  the  theory.  A  strength  of  modelling  as  a 
technique  is  that  different  kinds  of  measure  can  be  used  to  assess  tho  model  independently,  Bu  that  it  can 
bo  built  using  one  kind  of  measure  and  verifiod  using  another. 

Because  functions  have  to  be  separated  to  some  extent  for  modelling,  a  flaw  in  modelB  may  arise  if 

tho  wholo  tack  is  not  simply  the  sum  of  its  functions.  Kither  tho  linkB  between  functions  remain 

unrepresented  in  tho  modol,  or  thero  is  insufficient  information  about  the  nature  of  the  links  to  inoluie 
them  in  tho  model  or  to  indicate  how  the  formulae  representing  various  functions  should  be  related  to  each 

other  in  the  model.  A  modol  can  be  used  to  make  predictions.  Theue  predictions  can  bo  verified  empiri¬ 

cally.  The  verifications  in  their  turn  can  be  used  to  correct,  refine  and  improve  tho  model.  The  more 
this  is  done,  tho  bettor  the  model  becomes  at  measuring  and  predicting  performance.  It  can  be  used  to 
identify  moasures  and  functions  that  have  the  n»st  critical  influence  on  porformanoo.  These  functions  in 
their  turn  can  give  guidance  for  training,  for  simulation,  and  for  evaluation.  A  model  can  bo  used  to 
specify  what  should  be  included  in  a  real-time  or  fast -time  simulation.  It  is  also  possible  to  use  a 
modol  to  suggest  possible  selection  procedures,  though  the  validity  of  any  procedures  derived  in  thie  way 
still  has  to  be  established  indopondont ly. 

Models  ere  used  to  predict  how  men  will  porform  their  taskoj  measures  are  used  to  show  how  men  do 
perform  their  tasks.  Measures  thus  eon  validate  models.  Modulu  can  presoribo  what  should  be  measured. 

15«  SUBJ MOTIVE  ASSESKMISOTS 

Subjoctivo  assessments  are  probably  the  rcwst  common  technique  employed  to  measure  the  air  traffic 
controller.  They  are  quick,  cheap,  and  comparatively  simple  to  uso  and  analyse.  Some  major  investiga¬ 
tions  have  relied  almoat  exclusively  on  subjoative  evidouco.  Generally,  findings  arc  incomplete  if  no 
subjeotive  evidence  at  all  is  gathered,  since  sor.io  kinds  of  information  cannot  bo  obtained  in  any  other 
way.  The  extensive  usage  of  uubjontlve  assessment  as  a  technique  lias  not  ulwayo  boon  associated  with 
equally  extensive  understanding  of  its  limitations  either  in  /tenoral  or  with  reference  to  spool  fib  methods. 
This  section  gives  details  of  kinds  of  evidence  that  may  be  gathered  by  various  aubjeotive  assessment 
toohniquos  if  they  are  oorroctly  ahonen  and  prudontly  uuod.  The  more  general  limitations  of  subjootivo 
assessments  rofar  mainly  to  their  auspoot  reliability  ana  validity  os  techniques, 

Subjeotive  assessment  techniques  are  seldom  vaiy  reliable.  Their  reliability  cun  be  increased  to 
uomo  extant  by  covers  1  atratagomo,  sspooially  by  intonsivo  training  of  those  who  moko  the  assessments, 
ty  careful  standardisation  of  the  conditions,  language  and  terminology  of  asaeasmontu,  by  clear, 
unambiguoua  and  (if  necessary)  repeated  instructions,  by  routine  measures  andohnoksef  reliability,  and 
by  examination  of  tho  intomal  utruoturc  of  the  subjootivo  data  when  tho  moauuros  permit  tho  applica¬ 
tion  of  suoh  tooluiiqueo  os  item  analy  lis.  Duspito  these  precautions,  which  ohould  bo  taken  whenever  thoy 
are  practicable,  tho  reliability  of  uubjoctivu  assessments  is  likely  to  remain  lowor  than  that  of  many 
other  techniques  and  mouuurau. 

Tho  validity  of  subjootivo  ouuouomonts  is  a  more  complex  mattor  to  determine.  Tho  question  of 
oritorion  measurou  in  a  contontiouu  one.  Normally  subjective  asscaumonto  would  bo  validated  against  moro 
objective  ones,  concerned  for  example  with  tank  or  system  porformar.ee,  or  phyuiological  or  bioohomioal 
indices,  but  this  presumes  that  it  is  roauonablo  to  expect  good  agreement  when  subjective  and  objective 
moasures  of  tho  oamo  tiling  are  made.  In  fact  a  main  reason  for  inoluding  subjootivo  measuros  is  that 
good  agreement  between  their  findings  and  thoue  from  other  measuros  may  not  be  oxpeotodi  if  good  agree¬ 
ment  were  oonsiotontly  obtained,  ono  typo  of  mcaauro  would  be  rod’mdant  und  could  be  dispensed  with  in 
the  interests  of  parsimony.  Tho  validity  of  subjeotivo  assessments  about  matters  of  fact  oan  bo 
established  by  comparing  tho  eubjoctivo  ovidenoo  with  tho  corresponding  facto.  The  validity  of  oubjectivo 
aooou3monto  on  matters  of  opinion  cannot  bo  determined,  excopt  by  reforonco  to  other  moano  for  gathering 
comparable  opinions,  that  is  by  other  subjootivo  techniques .  This  can  become  a  tautolegoua  procedure  that 
ultimately  fails  bocause  it  cannot  take  into  account  sources  of  lack  of  validity  that  are  common  to  many 
subjective  asoosument  tachniquoa,  and  thoreforo  cannot  establish  the  true  validity  of  subjective  tocliniquos 
ao  a  wholo. 

Subjootivo  ocsooument  tochniquou  con  indicate  wliat  tho  mun  knows,  understands  and  haa  loarnod.  They 
can  he  used  to  oxtrapolato  beyond  moasurod  conditions,  to  gonorato  hypothoees,  and  to  identify  further 
factoro  of  potential  relevance.  Thoy  can  show  tho  factors  that  tho  man  acknowledges,  and  relevant  ovidenoo 
that  ho  ignores.  They  can  explain  tho  man's  reasons  for  his  actions  so  that  ovon  actions  that  are  wrong 
seem  rationai  rather  than  capricious.  They  can  reveal  discrepancies  botwoon  what  tho  controller  bolievou 
he  is  doing  and  what  ho  io  actually  doing  and  can  identify  topics  on  which  controllers  dicugree  with 
others  on  tho  correct  actiono  to  toko.  They  nan  rofloct  tho  controller's  opinions  and  boliofu,  trace  tho 
formation  of  attitudes,  and  assess  their  strength.  Thoy  con  provide  insight  into  team  functioning,  and 
the  problems  und  successes  encountered  when  tasks  are  done  collaboratively .  Thoy  can  indicate  the  ways  in 
which  uupervislon,  assistance  and  communication  aro  belicvod  to  bo  successful.  Thoy  con  indicate  what  tho 
man  thinks  is  important.  Thoy  aro  the  main  moano  wheroby  the  controllor  can  make  his  views  known  and 
influence  tho  dosi/pi  and  managu-ont  of  the  syctom  within  which  ho  works. 

subjective  assessments  can  bo  classified  as; 
otr-'cturod  or  unstructured; 
individual  or  group; 
direct  or  indirect. 
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Pi vo  main  categories  of  subjective  assessment  can  be  distinjuiohad: 

Techniques  that  yield  diz'ect  assessments  by  individuals  using  structured  material: 

I.  Questionnaires.  2.  Rating  scales.  3.  Checklists.  4.  Peer  ratings. 

Techniques  that  yield  direct  assessments  by  individuals  using  unstructured  material: 

5.  Narratives.  6.  Case  histories,  7.  Verbal  protocols.  8.  Heplays. 

Techniques  that  yield  direct  assessments  by  individuals  or  groups  using  unstructured  material: 

9*  Diaries.  10.  Log  books. 

Techniques  that  yield  diroct  assessments  based  on  dialogues  or  intorciiangos,  using  structured 

or  unstructured  material: 

II.  Debriefings.  12.  Discussions.  13.  Interviews. 

Techniques  that  yield  indirect  assessments  using  structured  or  unstructured  material: 

14*  Observations .  1^*  Commentaries.  13.  Informed  opinions. 

Various  formalised  psychological  procodiuroa  that  obtain  uub.jootivci  os  a  oca  monte  constitute  psychological 
tests,  and  uro  discussed  au  such  and  not  as  subjective  assessment  techniques. 

(1  )  Questionnaires.  A  quooti onnairo  is  plonno'i  in  advance.  It  covers  themes  that  oan  be  anticipated 
and  are  important  to  tho  questioner  rather  than  to  the  respondent,  l-Jach  question  can  be  multiple 
choice,  whero  tho  respondent  nolaoto  an  answer  frun  given  alternatives,  or  opon-endod,  whoro 
the  respondent  answers  as  he  wishes*  Multiple  choice  questions  give  loss  data,  are  quiakar,  uro 
easier,  and  are  more  impartial  to  score  and  analyse  than  opon-ended  quooti  one,  and  they  are  more 
appropriate  for  simple  ioaueu  with  straight forward  choices.  Opcn-onded  questions  provide 
answers  which  can  bo  difficult  and  time -consuming  to  interpret  fairly,  but  they  give  bettor 
coverage  of  complex  issues  and  can  represent  a  range  of  views  more  fairly.  A  questionnaire  may 

bo  broad  ranging  or  confined  to  opocifio  issues.  It  can  be  almost  any  length,  It  should  liave 

an  order,  struct uro  and  implicit  limits.  In  a  questionnaire,  everyone  eon  have  his  say. 

It  is  moro  suitable  to  obtain  the  views  of  each  individual  than  to  arrive  at  a  consensus  although 
tho  latter  omergoo,  if  it  is  proeont,  from  the  analysis  of  individual  rouponoee  oolleotivoly . 

A  questionnaire  can  oak  about  items  of  vital  or  little  significance,  on!  bo  unablo  to  diffox*en- 
tiato  betwoen  them.  Tho  wording  of  oaoh  question  should  deal  with  one  issue  only,  and  bo  clear 
und  unambiguous.  If  different  respondents  con  and  do  construe  a  question  in  difforent  v/ays, 
this  may  never  become  apparent  from  thoir  answers.  Questionnaire  rooponeeu  oan  be  oluasifiod 
in  various  ways,  for  example  according  to  tho  rcupondontli  ago,  experience,  job,  or  training. 
Questions  may  obtain  uubjcotivo  data  on  funotinno,  taeke  or  equipment  on  which  object ivo 
moauurou  are  aloo  takon,  so  that  direct  comparisons  betwoon  subjective  asuuuumontu  and 
objootivo  facts  oan  be  me.de,  for  example  on  V,r  ■  •ITcotu  of  colour  coding  on  task  performance. 
Questions  should  bo  framed  so  that  tho  findings  represent  the  respondents1  views,  and  not  tho 
viewu  of  thouo  who  peso  tho  questions, 

(2)  Rating  noalcu.  Thcao  arc  boot  for  quick:  anno s saints  on  clearly  defined  dimensions.  A  graphic 
rating  scalo  consists  of  a  lino,  labelled  at  each  end,  and  tho  respondent  indicates  ins  opinion 
by  marking  tho  appropriate  position  on  the  line.  Each  line  must  doal  with  one  dimension  only. 

It  it!  poatnbla,  in  rating  scales,  though  loss  common  than  in  questionnaires,  to  ask  the 
respondent  to  umpligy  his  anowarE  or  to  comment  on  them.  Tho  position  markod  on  a  graphic 
rating  scalo  line  can  be  moasurod  with  a  ruler.  Tho  ucalo  thoroforo  seems  to  provide  subjective 
anoonsmentu  in  a  quantified  form  amenable  to  statistics.  Generally  it  docs  not.  Uuoh 
treatment  attributes  a  spurious  accurcy  to  tho  scale  marking.  It  presumes  wrongly  that  if 
different  people  mark  tho  uame  pouition  they  must  hold  oxactly  tho  samo  opinion.  It  prosumou, 
also  wrongly,  tliat  a  measured  separation  in  one  part  of  the  sculo  is  subjectively  equivalent  to 
tho  uami'  measured  separation  in  another  part  of  the  ucalo.  An  alternative  type  of  rating  scale 
is  tho  multiple  ntop  rating  scale,  in  which  the  dimension  io  labelled  and  a  verbal  description 
io  given  of  a  number  of  designated  pointu  along  it,  Tho  respondent  marks  hi s  choice,  which 

may  bo  a  position  «'n  a  line,  ar  one  of  a  number  of  boxes.  ^Statistical  analysis  of  tho  data  from 
mult  j  pie  stop  rati  ng  nr.al«s  may  also  roly  on  unwarranted  anuumptionn,  The  strengths  of  tho 
vi own  oxprounod  cannot  be  derived  from  rating  scales  except  by  separato  ratings  of  otrongtha. 

(3)  Ghocklmts,  In  a  ohockli«t,  the  thomeu  arc  all  provided.  A  checklist  is  generally  short, 
requires  a  aoriG3  of  markings  with  minimum  annotation,  and  can  be  used  ropoatodly  to  trace 
trends  or  tho  oubjootive  effects  of  changed.  A  checklist  may  servo  as  on  aido  momoiro  for  moro 
comprohonoive  forma  of  subjective  assessment.  Checklists  are  aiuo  suitable  for  quick  asaouomontu 
of  a  lax'go  number  of  cmditionu  in  rapid  succession.  They  gat ho r  floating  impressiona  rather 
than  information  in  depth,  and  aro  bout  for  quick  quantitative  assessments. 

(4)  Peer  ratmgo.  In  thouo,  controllers  aauoos  each  other  oubjacti voiy ,  Peer  ratings  liavo  to  be 
obtained  and  linndlod  with  tact  and  caution.  It  can  be  embarrassing  to  discover  that  a  men  is 
almost  universally  disparaged  'ey  hiu  colleagues,  and  disconcerting  if  tho  views  of  a  controller, 
which  might  otherwise  bo  takon  seriously,  aro  dismissed  as  outlandish  by  lus  poers.  Poor 
ratings  can  gather  subjective  information  on  cortain  issues  important  to  cent ro lie ru ,  and  tho 

c  vi  donee  they  yiold  ofton  does  not  overlap  much  with  that  from  other  subjective  techniques* 

(b)  Narratives.  A  narrative  account  is  potentially  the  most  difficult  uubjoctivo  assessment 

technique  to  analyse,  interpret,  and  reconcile  with  other  sources  of  information.  Tho  effort  to 
provide  it  in  conm dC2*ab lof  and  botokons  a  committed  and  interested  attitude.  It  con  moko  clear 
tho  ttioueu  on  which  thn  narrator  lion  strongly  hold  vi^wc.  Tho  person  giving  a  narrative  account 
io  freo  to  makn  whatevor  pointa  he  chooses:  because  it  io  3uch  an  unfettered  technique,  a 
narrative  con  give  tho  fairest  represontation  of  tho  individual’s  viows  and  their  relativo 
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importance*  Not  everyone  haa  the  ability  to  express  his  views  on  paper  sufficiently  cogently 
to  ensure  that  others  do  not  misinterpret  them. 

(t)  Cano  histories.  In  a  case  history,  a  real  or  hypothetical  event  or  sequence  of  events  is 

considered  as  an  example  of  a  mor©  femoral  trend  or  problem,  and  described  accordingly.  Again, 
not  everyone  can  provide  a  good  case  history.  Case  histories  of  the  same  event,  provided 
independently  by  different  people  associated  with  it,  can  highlight  differences  and  the  inter¬ 
actions  between  them.  The  case  history  con  bo  more  successful  as  a  source  of  insights  and 
hypotheses  than  as  a  representative  account  of  a  typical  problem,  although  to  obtain  the  latter 
is  often  its  atatod  purposo. 

(7 )  Verbal  protocols.  A  verbal  protocol,  or  continuous  verbal  description,  is  a  technique,  employed 
widely  elsewhere  though  rarely  in  air  traffic  control,  in  which  an  individual  givos  a  continuous 
verbal  description  of  what  he  is  doing  as  ho  is  doing  it.  As  a  teohnique  to  obtain  an  under¬ 
standing  of  the  true  nature  of  actions  and  the  reasons  for  them  it  can  be  supreme.  However,  it 
is  unsuitable  for  taoko  that  themselves  require  muon  verbal  communication?  the  act  of  providing 
a  description  may  interfere  with  normal  actions;  not  every  aspect  of  a  task  and  its  thought 
processes  need  be  amenable  to  succinct  verbal  description.  As  a  technique  it  therefore  hac 
limited  value  in  air  traffic  control. 

(8)  He play s,  in  this  technique  an  air  traffic  control  task  is  replayed  to  a  controller  who  partici¬ 
pated  in  it,  and  lie  commonts  on  what  he  did,  on  hiB  reasons,  or  on  designated  features  of  the 
task.  Assessments  can  alBo  be  made  on  factors  such  os  aubjeotive  workload  and  the  balunou 
between  strategic  and  taotical  thinking.  Problems  inolude  spunouuly  precise  recollections 
which  betoken  a  helpful  attitude  rather  than  an  impressive  memory,  and  p.  recall  of  a  previous 
replay  rather  than  the  original  if  the  teohnique  iu  used,  au  it  may  be,  more  than  once  in 
succession.  The  replay,  also  known  sometimes  as  a  review,  can  be  a  very  useful  technique.  Best 
results  are  most  likely  to  be  obtained  if  the  purpose  of  the  ropluy  is  specific  tad  clearly 
defi  nod. 

(9)  Diaries.  These  tend  to  be  most  useful  as  memory  aids  for  specific  events  and  as  sources  of 
reference  in  other  subjective  tachniquau.  Normal  conditions  may  remain  unrecorded  or  be 
apparently  undo rrepronen ted  in  a  diary,  but  it  can  be  particularly  useful  to  record  details  of 
unusual  events,  erroro  and  circumstances  that  might  otherwise  not  be  recorded  at  all.  It 

is  leas  useful  to  derive  general  impressions  of  normal  system  functioning.  Diaries,  thought  of 
primarily  au  suitable  for  individuals,  con  also  be  effective  to  record  the  agreed  views  of 
small  teamu,  or  topics  of  disagreement  within  a  team. 

(10)  l/>g  books.  Those  commonly  record  faotu  such  au  tho  nature  and  duration  of  unoorvicoabi  li  ty,  but 
they  oun  bo  used  to  record  uubjootivo  events  also,  particularly  on  serviceability  and  related 
matters.  They  uharo  with  diarieB  the  oharaotenotio  that  impi'aaoiono  are  rocordud  while  fra  ah, 
before  the  perspective  on  thorn  ohangos  -  a  charaut eristic  with  both  advantages  and  disadvantages. 

(11)  Debriefings.  These  are  a  subjective  aaoosomont  tochniquo  employed  widely  in  military  contexts, 
including  air  traffic  control,  but  less  widely  in  civil  once.  Debriefing  usually  marks  the 
comp  lot  inn  of  something.  It  can  be  uned  extensively  in  feasibility  tooting.  As  a  technique, 
it  provides  an  oppo rt unity  for  each  participant  to  hour  and  discuss  pointe  raised  by  others, 
usually  in  a  systematic  and  quite  formal  way,  dealing  with  one  topic  at  a  time.  Tho  thomeo  may 
be  quito  similar  to  thoeo  in  a  questionnaire,  though  in  a  debriefing  tho  respondents  can  raise 
issues  thomcelveu.  Debriefing  cun  bo  used  to  achieve  a  group  consensus,  or  to  reveal  why  no 
group  concensus  is  attainable.  Strongly  hold  views  may  be  expressed  but  thoy  can  prevail  too 
much.  Debriefing  la  more  successful  at  revealing  the  extent  of  differences  than  in  reconciling 
them.  It  can  be  startlingly  effective  when  it  becomeo  apparent  during  a  debriefing  that  tho 
controllers  did  not  agree  on  their  procedures,  functions  or  objectives.  Dabnafing  non  help  to 
trace  the  souron  of  ouch  disagreements. 

(12)  Discussions.  These  are  much  loss  formal  than  debriefings,  to  the  extent  that  thoy  may  not  be 
adequately  recorded  while  they  are  taking  place,  but  selectively  recorded  in  retrospect.  A 
discussion  allows  fruu  rein  to  ideas,  and  can  be  a  good  source  of  them.  It  provides  data  that 
can  bo  difficult  to  integrate  with  other  subjective  techniques.  Discussions  and  debriefings 
share  tho  p.roblom  of  giving  more  reticent  people  a  fair  hearing,  and  may  have  to  be  deliberately 
structured  no  that  everyone  has  a  chance  to  apeak  and  io  encouraged  to  do  so.  A  gs*»at  deal  can 
be  learned  if  a  discussion  loads  to  disputation,  provided  that  all  points  of  view  are  covered 
and  the  topic  is  given  a  thorough  airing.  The  extent  of  disagreement ,  and  the  reasoning  behind 
it,  then  become  apparent.  Adequate  pre-planning  for  the  recording  of  discussions  ic  essential. 

(13)  Interviews.  Subjective  aoaeoumente  can  be  gathered  by  interviewing  groups  or  individuals.  The 

interviewer  commonly  leads  an  interview,  end  decides  how  it  should  be  conducted.  If  thoro  10 
more  than  one  interviewer,  the  prooeduro  must  bo  standardised  and  rigorously  followed.  It  ie 
desirable  that  this  should  occur  even  with  u  single  interviewer,  although  a  purpose  of  some 
initial  interviews  may  be  to  explore  wliat  10  relevant,  and  hence  to  develop  an  appropriate 
formalised  interview  structure.  Within  this  constraint,  the  person  interviewed  muat  be  free  to 
introduce  and  expand  on  tho  isaueu  that  seem  most  important  to  him.  Interviews  au  a  technique 
are  time-consuming.  They  may  provide  in  a  more  expanded,  mor©  thorough,  but  more  discursive 
form  much  information  obtainable  from  detailed  queet lonnairee .  It  may  bo  easier  adminiot ratively 
to  interviow  groups  rather  tlian  individuals,  but  many  of  tho  problems  of  individual  interviewo 
are  still  encountered,  often  in  more  complex  form^  because  it  is  more  difficult  to  adhere  to  a 
formal  interview  procedure  with  a  group.  The  method  of  recording  an  interview  is  important  and 
can  affect  it«  findings  subctantially :  the  choice  of  writing  or  a  tape  recorder  can  have  a 
major  influence  on  the  amount  of  data  gathered,  and  on  tho  practicality  of  reducing  it  all  to 

manageable  proportions.  An  interview  must  fulfil  a  stated  purpose.  It  is  not  an  occasion 

to  talk  about  any  topic  at  all,  unless  that  is  the  stated  purpose.  It  io  not  a  technique  to 
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bo  ruahed.  Much  information  can  be  gathered  directly  about  the  respondent  hi  me? If  during  an 
interview*  and  any  ambiguities  should  bo  resolved  as  they  arise. 

(14)  Observations.  In  all  the  above  techniques,  the  subjective  assessments  are  mado  by  those  with 
first-hand  experience  by  participating  in  tanks  that  form  the  basis  of  assessments.  In 
observations,  and  in  the  following  two  techniques,  onlookers,  as  distinct  from  paidici  pants, 
provide  the  subjective  assessments.  Observers  can  bo  instructed  to  watch,  record,  > r  comment; 
the  success  with  whioh  they  can  do  so  depends  on  tho  specificity  of  their  terms  of  reference, 
the  number  of  concurrently  assessed  dimensions,  and  their  training.  The  value  of  observations 
depondo  groat ly  on  thorough  training  of  the  observers  until  thoy  are  capable  of  following 
specific  instructions  exactly.  Dthexvise,  what  is  recorded  depends  too  much  on  tho  identity  of 
tho  observer.  Independent  checks  on  reliability  and  validity  of  observations  need  to  bo  made. 

The  observer  must  not  attribute  to  tho  person  d>ing  a  task  tho  oboorvor's  own  procedures  and 
thought  processes  while  doing  it.  According  can  get  in  the  way  of  observing,  full  reliance 
uhould  not  generally  be  placed,  even  on  trainod  observers,  to  assess  safety,  efficiency, 
capacity,  workload,  stross,  or  training  aclucvomont,  but  observations  about  such  topics  should 
bo  supported  by  some  objective  data,  Observations  can  bo  effective  in  describing  what  a 
controllor  was  doing  in  periods  of  relative  inactivity,  and  in  reporting  controller  dooiaions 
to  do  nothing.  The  difficulties  of  »bservationa  as  a  teohniquo  should  not  be  underestimated, 

(15)  Comment ariee*  It  is  possible  for  an  informed  onlooker  to  give  a  continuous  or  intermittent 
commentary  on  air  traffic  control  or  aspects  of  it,  A  commentary  has  to  be  discreet,  and  not 
interfere  with  tho  air  tral'fio  control  iteelf.  It  cannot  supply  consistent  details  of  actions 
or  opoooh,  but  may  help  to  set  tho  scone,  and  to  describe  conditions,  especially  social 
conditions,  under  which  the  work  is  being  done. 

(lb)  Informed  opinions.  Management,  visitors,  and  others  who  watch  air  traffic  control,  may  inaco 

formal  or  informal  commonts  about  it,  come  which  con  carry  a  great  deal  of  influence*  Many 
of  those  comments  call  bo  uooliil,  no  those  who  make  them  viow  air  traffic  control  and  its 
problems  from  a  different  porspootive.  To  interpret  such  opinions  correctly,  it  is  normally 
necessary  to  determine  how  wo  11  -in formed  tho  upoakor  who  makee  them  is, 

Tims 0  subjective  nusc-smont  teclmiquos  have  boon  doucribed  uoparatoly,  but  in  fact  thoy  interact. 

The  suitability  of  oaoh  technique  depends  greatly  on  the  ot.hors  also  employed.  l 'or  any  purpose  f  >r  which 
subjective  assessment  techniques  are  employed  in  air  traffic  control,  the  need  is  normally  to  select  a 
few  teclmiquos  which  collectively  strike  the  best  balanoo  between  comprehensive  coverage  and  the 
utilisation  of  limited  reoourceu  for  rsubjootive  acBossment.  (Jonorally,  techniques  to  gather  individual 
asoosumontu  must  precede  those  for  groups,  and  formal  techniquou  must  precede  informal  onus,  liubjcotive 
aonounment  techniques  gather  much  evidence  that  can  bo  obtained  in  no  other  way;  in  doing  no  thoy 
introduce  various  forma  of  bias,  and  thernforo  their  timing  must  minimiuc  disruptive  offsets  on  other 
measurements,  and  on  other  subjective  toohniquoo. 

1ljh  SOCIAL  KACTOHS 

Moonureu  of  eooial  factors  in  air  traffic  control  are  concerned  mainly  with  the  controllor  as  a 
momber  of  a  team,  a  facility,  an  organisation,  or  a  profession,  basic  measures  refer  to  tho  role  ,»f  the 
controller  within  tho  3002  a!  structure,  tho  nnturo  of  the  structure  it  no  11',  or  the  ex  ton  l  to  which  tho 
controller  conforms  to,  or  identifies  with,  others  within  tho  uomo  structure.  rouuL  social  groupings 
within  air  traffic  control  have  a  nominal  or  formalised  structure  of  o-.-mo  kind  that  can  be  stated  and 
used  as  a  criterion  to  establish  how  closely  the  actual  fHxucturc  agrceo  with  it. 

Methods  in  which  teems  of  controllers  aro  trained  influence  their  cohesion  and  functioning.  There 
iu  debate  on  the  benefits  of  training  people  in  teams  from  tho  outset^  40.  The  extent  to  which  a  team  of 
c«>ntrolloru  actually  funut lone  as  a  team  con  be  asnosuod  in  various  wayc.  A  rough  but  serviceable  method 
in  1 1  note  ii‘  each  team  member  works  rigidly  within  tho  strict,  confines  of  tho  taokn  assi/piad  to  him,  r  1  x* 
which  he  iu  responsible,  or  holpo  and  is  helped  by,  others  whenever  opportunities  arise.  A  further  measure 
con co mo  tho  extont  to  which  individual  team  members  vcniy  or  monitor  the  activities  of  other  members 
whenever  they  can,  or  rely  totally  on  tho  competence  and  reliability  of others  wi thout  croao  chocking.  A 
toam  membor  whoso  activities  aru  constantly  boing  checked  by  hin  peers  is  not  fully  accepted  by  them  as 
a  team  member.  Another  team  member,  whose  performance  may  bo  in  some  respects  inadequate  but  who  iu 
helped  as  much  as  possible  m  a  kindly  and  unobtruoivo  way  by  others,  is  fully  accepted  though  his 
doficionoioD  may  be  woli-known  and  tho  subject  of  sympathy.  patterns  ol  conversation,  cmoultation,  and 
joint  decision  making  beyond  tho  strict  requirements  of  the  Job  are  further  hallmarks  of  an  integrated 
team;  as  is  an  abuonco  of  quartos  about  what  other  team  moral  era  are  doing.  Tho  members  of  a  well- 
integrated  toam  know  without  asking  what  the  others  are  doi  ig.  if  majiy  such  queries  are  directed  towards 
a  single  individual,  his  activities  are  puzzling  to  his  colleagues,  and  ho  is  riot  wholeheartedly 
acoopted . 

The  moot  influential  town  mornbora  can  be  traced  by  noting  who  first  voices  idor.R  that  later  become 
adopted,  and  by  examining  the  proceaues  by  which  ideas  arc  formed  and  di aseminated.  Those  processus  can 
be  examined  directly  by  recording  conversations,  or  more  formally  by  measuring  opinions  and  attitudes 
of  individual  group  members  and  the  level  of  agreement  or  conformity  witiiin  tho  group.  Tho  o hail  geo  in 
attitudes  and  opinions  can  bo  assessed  by  repeating  tho  measurements.  <&ie  index  of  tho  strength  and 
coheui veness  of  a  team  or  group  is  the  rapidity  and  strength  with  which  a  new  momber  of  the  group  alters 
hi a  views  until  they  accord  with  the  general  group  consensus,  and  tho  persist once  with  which  ho  is 
subsequently  prepared  to  defend  his  recently  acquired  point  of  view. 

So  mo  measures  of  conformity  go  beyond  subjective  auoossmontu  oi*  the  man’s  beliefs  and  atti  tides,  and 
extend  to  ta  k  porfonnance  moaourec,  as  the  man’s  actions,  procedures  and  priorities  evolve  to  accord  with 
those  of  the  group.  'This  combination  of  moaouroc  of  task  performance  and  subjective  asuoucinonts  can  bo 
used  to  examino  various  social  factors.  It  may  measure  cohesion  within  a  toam  or  group,  and  indicate  the 
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oxtent  o f  group  agreement  and  of  the  divergence  of  individuals  from  it.  The  application  of  those  combined 
measures  to  different  groups  shows  tho  wayo  in  which  all  .fro up 3  agree  and  in  which  tho.y  differ.  The 
magnitude  of  difforoncoc  betwoen  groups  can  thus  bo  established,  and  comparod  with  tho  magnitude  of  tho 
uilfcroncoo  between  individualc.  The  moaouros  that  must  succocofully  discriminate  betwoen  groups  can  be 
defined  and  also  tho  moaouros  that  are  moot  sonoitive  to  individvtil  difforoncco.  liuoh  toohniquos  can  show 
differancoG  botwoon  teams,  botwoon  watchoa,  and  betwoen  air  traffic  control  facilities,  towers  or  centres, 
f i.iipari'.ions  of  individuals  with  groups  can  bo  used  to  answer  specific  quautiono,  such  as  the  extent  to 
which  iho  opinions  of  supervisors  represent  thoiio  of  tho  controllers  they  supervise. 

If  such  measures  from  several  large  groups  are  compared,  with  tho  emphasis  on  the  Uogroo  of  agreement 
rather  than  on  the  differences  botwoon  them,  tho  extent  and  development  of  profesoional  norms  and 
standards  •.■»«  bo  spooifiod  in  quantitative  way  a.  Views  and  practices  which  all  f~ roup  members  hold  to  bo 
correct  and  stoutly  dofond,  the  origins  of  which  can  bo  traood  primarily  to  c'ntrollors  thomsolvcs,  form 
tho  baoii-  t’oi  those  norms,  and  tho  range  and  extent  of  agreemont  about  thorn  indicates  their  strongth. 
btrengt.i  of  views  can  also  bo  measured  directly  in  aubjootivo  tonus,  Tho  rigidity  or  flexibility  of 
certain  practices,  measurable  in  performance  terms,  may  prnvido  further  oluen  to  the  influonoo  of  profoo- 
sional  standards,  especially  in  rolution  to  tho  gradual  conformity  of  people  under  training  to  the 
practices,  boliofo,  and  attitudoo  of  tho  profenoian  of  air  traffic  control. 

Hoosuros  of  communioationo  may  givo  further  ovidoneo,  particularly  in  details  whioh  may  bo  charaotor- 
istio  features  of  a  par.^cular  group.  tionn  personality  variables  are  relevant  to  social  factors  and  it 
may  bo  nocoasary  to  measure  them  also  to  explain  observed  intoraotiono .  Moasuroc  of  social  factors  must 
also  be  used  to  assess  aspects  of  morale  and  job  satisfaction.  In  tho  oooo  of  the  latter,  it  may  bo  more 
important  to  moanivo  tho  oxtent  to  whioh  tho  man  works  in  isolation  or  as  a  mombor  of  .a  toam  rathor  than 
to  obtain  detail:  of  bio  procioo  rolationahipc  with  other  toam  mombera .  Tradi  tional  and  novel  management 
practioeo,  and  too-  moans  for  assess m~  tlioir  efficacy,  havo  roluvanco  to  oncial  factors,  particularly  in 
tho  formation  of  attitudeu.  Tho  controller  worko  within  an  air  trafl'io  control  organisation  to  whioh  many 
of  tho  tanotc  cf  or (anisational  pcychology  apply  . 

1';i  Q1IAL1TATIV1;  FACTOIU 

The  dovolopmont  of  measnros  of  qualitative  factors  hau  lagged  farbehind  that  of  quantitative  factors. 
The  quality  of  presented  information  i3  affected  byi 

(1)  Ito  accuracy,  that  ia  the  olooonosu  of  a  prcoontod  quantitative  mu  as  lira  to  tho  true  muusuro  of 
that  quantity. 

(2)  Itu  precision,  that  iu  tho  level  of  detail  or  approxi motion  in  whioh  all  moauureu  of  u  quantity 
are  oxprassed. 

0)  The  smallest  change  ui  quantity  that  hoo  to  ooour  before  u  ohongo  io  made  in  tho  presented 
meaouru  of  it. 

(it)  The  frequency  or  rate  at  which  a  macourc  io  vorified. 

(5)  The  l'roquoncy  or  ra.tc  at  whioh  a  muuuuro  io  up-dated  if  it  iu  changing  cr  has  changed. 

(6)  Tho  method  if  depiction  0:'  tho  information,  particularly  with  reference  to  the  choice  of  units 

of  moaeurumont,  ondir.",  dimensions,  and  presentation  in  digital  or  analogue  form, 

(7)  Tho  technical  reliability  of  the  information  prcoontod,  oopcoially  itu  probability  of  error  or 
failure. 

Tho  main  determinants  of  tho  quality  of  information  con  thus  be  expressed  in  quantitative  terms,  and 
moaourod. 

Although  thuro  may  be  diuputation  about  the  relative  weighting  each  determinant  should  rooeive  in 
given  ci  rcunotancoa,  the  failure  to  davalop  adequate  qualitative  moaouros  lios  more  in  the  depiction  of 
quality  than  in  tho  calculation  of  it.  If  information  about  tho  position  of  on  aircraft  on  a  radar 
display  at  any  given  instant  io  known  WLth  great  precision  anu  accuraoy,  or  if  it  ia  known  only  vory 
approximately,  there  may  bo  no  coding  to  provide  any  indication  of  this  dil'ferenco  to  tho  viewer  of  the 
radar  display.  Qualitative  information  may  be  dorived  from  a  technical  knowledge  of  tho  sensors  providing 
that  information,  and  of  tho  uuboequent  proceuning  of  that  information  before  it  io  presented  on  tho  dis¬ 
play,  but  not  from  the  display  itself.  A  rough  clue  to  quality  may  bo  deduced  from  tho  uiue  of  the  units 
in  which  quantitative  information  is  expressed.  Similarly,  tho  only  clue  to  tho  quality  of  the  height 
information  about  aircraft  on  a  tabular  information  display  may  como  from  tho  units  in  which  aircraft 
hoightn  are  oxpresood.  Those  uame  units  must  then  uorvo  under  all  circumstances :  tho  sensed  data  may  bo 
very  much  moro  precise  and  accurate  so  tliat  the  presented  roading  1b  a  rounded  liguro,  or  tho  uonsod 
data  may  be  far  lean  precise  or  accurate  00  that  tho  prosentod  roading  is  a  boot  guoss,  but  in  both  casoo 
tho  information  presented  to  tho  controller  would  look  exactly  tho  came,  and  ho  has  no  access  to  any 
mcuoure  tliat  could  differentiate  betweon  them.  Tho  qualitative  information  on  which  tho  controller  can 
measure  or  uaoesa  tho  trustworthiness  of  the  data  10  not  present.  Accordingly  his  estimates  of  how  far 
ho  should  trust  it  may  be  grossly  wrong.  Ilis  actions  on  tho  basis  of  these  estimates  may  therefore  bo 
inappropriate . 

The  qualitative  information  contained  in  speech  may  also  be  difficult  to  measure  direotly,  and  if 
speech  is  ouporcodod  by  do.ta  trunsponded  automatically  from  air  to  ground  no  equivalent  qualitative 
information  io  retained.  Put  simply,  a  listener  can  hoar  if  spoken  massages  arc  difficult  to  hoar,  and 
can  make  judgments  (which  may  be  right  or  wrong)  about  tho  confidence,  competence,  and  understanding  of 
the  speaker.  Judgments  of  tho  quality  and  trustworthiness  of  spoken  ineaoages  can  be  affected  by: 
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(1)  Tho  signal  to  noise  ratio. 

(2)  Pitch,  frequency  and  amplitude  of  upeooh. 

(3)  Paco,  fluency,  pauses  and  repetitions. 

(4)  Th©  format  of  the  mcacagee,  thoir  phrasing,  and  the  choice  of  terminology# 

(5)  The  appropriateness  of  responaos  to  instructions,  quest ions  and  requoats. 

(6)  The  extent  to  whioh  spoken  men  sages  can  be  verified  from  independent  non-verbal  sources. 

Again,  it  io  apparent  that  measures  of  the  above  factors,  on  whioh  qualitative  judgments  are  based,  are 
in  essence  quantitative,  and  that  disputations  oould  occur  on  their  relative  importance.  It  should  not 
be  impossible  to  derive  quantitative  indiooa  of  the  quality  of  the  information  content  of  spoken 
moBaages,  though  tho  dimensions  in  whioh  uuoh  indices  oould  be  expreooed,  and  the  codings  that  could  be 
doviccd  for  ouch  dimensions,  are  not  currently  apparent* 

Perhaps  more  vital  ia  to  relate  measures  of  quality  of  information  to  consequent  effects  of 
qualitative  judgments  on  air  traffic  control  safety  and  efficiency,  measured  in  system  performance  terms, 
and  to  errors,  omissions  and  dolayo,  measured  in  task  performance  terms*  Until  this  is  done,  direct 
evidence  on  tho  importance  of  qualitative  information  in  air  traffic  control  is  not  available*  Such 
evidence  is  of  vital  importance  to  predict  the  consequences  of  its  total  removal  from  the  man-maohino 
interface  before  it  ia  actually  romovod* 

1  j  Mvrs 

Tho  wholu  range  of  standard  psychological  toots  is  available  for  consideration  in  relation  to  air 
tral'fio  control  problems .  Tho  pousibility  of  using  an  appropriate  tout  as  a  moaauro  of  controllers 
should  bo  borne  in  mind,  au  it  may  ofton  bo  a  more  uonuitive  measuring  inotrumont  than  spfloially  devised 
moaaurou  tliat  lack  a  theoretioal  basis  or  oxfx>uitory  rationalu*  Howovor,  tho  ‘nterprotation  of  test 
scores  in  terns  of  tact  norms  roquircu  caution,  sinoetho  norms  for  controllers  as  a  group  may  not  bo  the 
same  as  thouo  for  the  general  population,  and  it  may  be  neocusaxy  to  establish  whether  thoy  are  or  not 
before  the  ucorou  of  individual  controllers  can  bo  uuod  carreotly.  Soma  teats,  especially  thoao  concerned 
with  personality,  may  bo  more  culturally  dependent  than  thoir  originators  are  willing  to  concede,  and 
again  it  is  osoontial  that  norms  for  tho  country  within  which  the  touting  is  done,  rather  than  norma  for 
the  country  within  which  the  tout  originated,  are  used  to  score  and  inturpret  the  touts.  Norma  for 
controllers  in  a  country  are  also  needed  if  a  tout  is  intended  for  widespread  use  among  them*  Control- 
loro,  in  so  far  as  thoir  ua lection  procedure  lion  been  effective,  are  unlikely  to  be  typical  of  tho 
population  from  whioh  thoy  are  drawn,  and  toot  norms  must  be  amended  accordingly  for  many  touting 
purposoa . 

A  further  cautionary  note  should  be  sounded  about  tho  use  of  poyoho logical  tests  in  air  traffic 
control*  Tho  thooiy  behind  many  tests  io  that  they  tap  ltmato  abilitioo  or  potential#  A  oustomary 
claim  for  them  io  thoir  reuistunoo  to  the  factor  of  training  uo  a  strong  influence  on  teat  scores. 

Training  in  thiu  oontoxt  re faro  to  training  or  instruction  in  the  abilitioo  tho  teut  purports  to  measure j 
it  does  not  inoon  practice,  whioh  rotors  to  repeated  performance  of  the  uamo  teat,  a  procedure  whioh 
ultimately  can  render  the  standard  scoring  of  almout  any  test  invalid.  Practical  experience  with  some 
touts  uuggeetc  that  uoorou  obtained  on  thorn  can  be  influenced  far  more  by  air  tral’fio  control  training 
than  tho  compilora  of  tho  toot  aro  willing  to  concede  or  than  the  thooiy  behind  tho  tost  can  allow  for# 
l-’or  some  typeu  of  toot-o,  uuoh  an  personality  touts,  this  may  not  seem  surprluing,  but  for  other  types  of 
tostu,  suoh  au  t)ie  perception  of  embedded  figures,  it  should  alert  outapioitmu  •  If  thiu  000 w;>,  it  noed 
not  invalidate  or  diuoi'urag*  the  uua  of  a  toot,  and  indord  it  may  suggest  lurthor  poooibilitit  •  of  teot 
uoago,  for  oxamplo  as  on  independent  tndox  of  progress  during  training,  but  it  dees  moan  that  the 
intorp rotation  of  a  tost  score  may  do pond  partly  on  whon  it  io  administered. 

Psychological  touts  oan  bo  employad  in  selection,  during  training,  in  evaluation,  at  re-training,  for 
allocation,  at  various!  utagou  or  decision  pointn  during  a  controlior’s  career,  a a  an  aspect  of  individual 
counselling,  for  clinical  applications  in  relation  to  an  individual's  houlth  or  well-being,  or  av&n  as 
an  aid  to  pro para* i ona  for  retirement#  (Yio  purpose  of  tooting  can  bo  diagnootic  -  to  find  out  tho  nature 
of  the  problem  experienced  by  a  controller,  and  to  eatablish  its  cause  and  prognoaie*  Another  purpose  of 
tooting,  applicable  whorover  touting  io  done,  io  that,  given  a  requirement  to  incoauro  any  particular 
attribute  of  controllers,  it  iu  always  bettor,  if  practical,  to  employ  u.  reody-mado  measure  that  moots 
tho  roquiremont  fully,  than  to  devise  an  ad  hoc  measure  for  whioh  no  normc  exiat  nor  evidence  of  its 
validity.  Such  a  moasura  can  almost  certainly  provide  a  fuller  explanation  of  f indingo  than  any  novel 
one.  A  further  purpoua  of  testing  iu  to  employ  a  moaourc  that  can  bo  aeon  to  be  independent,  both  of 
othar  measures  to  whioh  it  may  bo  rolatod,  and  of  prejudice  m  scoring  or  interpretation,  bbr  some 
purposoc,  the  impartiality  of  touts  can  000m  impersonal,  but  thiu  iu  one  of  their  strengths.  Wherever 
pay  oho  log},  oal  touts  aro  employed  in  air  traffic  control  the  11  tat  ad  condi  ti  ona  under  whioh  they  muat  be 
given,  and  which  are  often  a  condition  of  tho  availability  of  tho  tQDt,  muat  be  strictly  adhered  t.o, 

A  separate  category  of  teat  in  air  traffic  oontrol  iu  the  performance  teBt,  which  con  also  bo 
treated  au  a  task  performance  meauuro#  I to  diotingui uhing  character! utio  ia  that  it  measures  air  traffic 
control  porf>rmance  or  an  aspect  of  it.  It  does  not  ooek  to  moaoure  fundamental  human  abilities, 
limitation!)  or  attributes,  au  psychological  tostu  do.  However,  it  10  a  tout  in  that  performance  io 
scored.  Preferably  tho  ucoring  should  be  standardised,  find  be,  and  be  uoen  to  bo,  impartial  and  objective. 
There  should  also  oc  norms,  00  that  tho  ocoros  aro  not  interpreted  ooluly  in  isolation,  but  are  compared 
with  tho  ocorcu  of  others#  Qctno  judgment u  at  least  ohould  bo  partly  comparative* 

Teats  may  aluo  bo  of  factual  knowledge  or  underot ondi ng.  Tho  interest  here  may  bo  more  in  the 
absolute  score,  to  check  that  each  individual  does  in  fact  know  what  ho  should  in  order  to  roach  a 
douignatod  level  of  competence,  progrouo  to  further  training  or  experience,  or  gain  e  qualification. 
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These  tests  also  require  an  impartial  scoring  method.  However,  some  cumulative  evidence  is  needed  about 
thorn  in  the  form  of  norms,  to  demonstrate  that  they  are  practical  and  servo  their  purpose.  A  tout  of 
factual  knowledge  that  everyone  passes  with  consummate  ease,  or  that  oveiyono  consistently  fails  to  pass, 
is  not  of  muoh  practical  uss,  and  cumulative  evidence  about  tost  scoreB  is  noedod  to  verity  that  the 
test  is  at  an  appropriate  level  of  difficulty. 

15k  OTHER  MEASURES 

Many  other  measures  of  the  controller,  not  yet  mentioned,  are  posaiblo.  In  general,  they  are  not 
suitable  for  general  use  in  air  traffio  control,  but  are  fitted  to  epecifio  objectives,  and  should  be 
employed  whenever  those  objectives  arise.  Some  of  the  oitod  rulerancoa  ^7  f  1 37  give  a  glimpse  of  further 
measures  that  can  be  employed.  They  may  bo  general,  or  specifio  to  individuals. 

Examples  of  general  measures  include  indices  derived  from  sources  ouch  as  medical  rocordu  or  occupa¬ 
tional  health  atati otioo .  Morbidity  and  mortality  rates  may  be  of  groat  rolovanoo  in  demonstrating  tho 
effsots,  or  lack  of  effoots,  of  air  traffic  oontrol  on  tho  health  and  well-being  of  controllers  os  a 
group.  Data  on  tha  incidence  of  various  psyohoaomntto  illnesses  among  controllsrs  in  different  countries 
may  help  to  indicate  whether  any  occupational  health  problems  that  seem  to  be  present  are  prevalent  in 
the  same  form  internationally  uo  that  thair  origins  should  be  found  among  the  conditions  that  control¬ 
lers  in  different  countries  have  in  common,  or  aro  national  oharaotoristios,  so  that  thoir  origins  should 
bo  found  among  conditions  that  aro  peculiar  to  controllers  in  the  country  afflicted.  Measures  relevant 
to  tho  medical  condition  of  individual  controllers,  or  of  controllers  in  general,  con  become  vory 
numerous,  but  they  are  generally  orthodox,  and  the  resulting  data  and  findings  aro  classified  and  cate¬ 
gorised  in  madical  terms  and  not  nooerding  to  air  traffio  oontrol  or  psyohological  oonooptn . 

Specifio  measures  of  an  individual  include  biographical  data,  for  come  moasuromont  purposes, 
extensive  biographioal  data  may  bo  gathered.,  whioh  go  far  beyond  tho  data  that  are  commonly  treated  as 
relevant  to  air  traffio  oontrol.  Tho  data  gathered  about  a  particular  incident  with  whioh  a  controller 
has  been  associated,  or  to  acoount  for  symptoms  of  stress  in  an  individual  controller,  must  inoludo 
oxtonsivo  biographical  information  about  him,  in  order  to  establish  what  is  relevant  or  is  not.  Tt  may 
be  necessary  in  investigating  an  inoident  to  check  that  the  controller  was  not  being  distracted,  for 
example  by  domootic  or  financial  worries,  or  by  anxiety  about, or  irritation  with,  a  C’lloaguo,  supervisor 
or  assistant.  To  ascertain  souroea  of  stress,  tho  first  stop  is  to  trues  their  origins  whioh  may  ho 
wholly  within  the  air  traffio  oontrol  environment,  totally  outside,  or  a  l'atoful  interaction  bstwoen 
sources  within  air  traffio  oontrol  and  buyond  it.  Moat  biographioal  data  aro  not  interpreted  in  isola¬ 
tion.  The  significance  of  a  stated  problem  or  condition  may  dopond  greatly  on  how  common  it  is.  li  it 
is  rare,  the  oure  may  be  to  tackle  and  resolve  tho  problem.  If  it  is  almost  universal,  but  affects  only 
a  vory  few  individual  controllers  in  an  adverae  way,  tho  cure  may  lie  in  on  exomin.'.tion  and  troatmunt 
of  those  individuals. 

I'jl  INTERACTIONS!  BETWEEN  MEASURED 

Because  there  aro  very  few  human  l'aotoru  questions  in  air  truilio  oontrol  tliat  can  bu  answorod  by 
the  use  of  only  a  single  measure,  a  multiplicity  of  mousursn  is  normal,  and  problems  uriso  111  integra¬ 
ting  the  findings  from  them  and  ensuring  that  tho  measuros  thumsolveu  do  not  interfere  with  each  othsr. 
Romo  interactions  can  ba  avoided  by  forethought:  on  example  luis  been  notud  with  rol'oroiico  to  subjective 
mouuurau,  whore  individual  viowu  hnvo  to  be  gathered  before  emuonsuu  group  views,  boenuse  if  the  latter' 
urn  collected  first  they  may  influence  tho  former  too  much.  Other  interactions  aro  more  difficult  to 
rosolvn  uinco  they  originate  in  oonflioting  criteria  among  tho  measures  themselves,  win  cli  in  i  uni  come 
l'run  the  multiple  aims  of  air  traffic  control0'-1  . 

ij-’me  muuuurcis  are  cumbersome,  and  other  measures  havo  to  stop  while  they  are  taken;  examples  are 
obtaining  bio  d  and  urino  numplos  for  biochemical  analyaio.  Occasionally  such  measures  aro  self- 
defeating:  a  few  people  aro  so  upset  by  the  prooooo  if  giving  a  blood  sample  tliat  thoir  consequent 
statu  of  arousal  oun  affect  the  sample  itself.  Pleasant  as  it  con  bo  for  a  male  controller  if  a  vory 
attractive  girl  fixos  oloctrodoo  t-  him  immediately  prior  to  phyriol 'gical  measurement ,  it  dooe  nothing 
to  improve  tho  validity  of  the  meHourcn  obtained  -  she  may  have  to  ctay  out  of  night  and  wait  a  while. 

Kvon  under  the  most  favourable  ci rcumstancos ,  any  form  if  oyo  movomont  recording  that  requires  head— 
mounted  oquipmont  is  liable  to  have  certain  inhibiting  offectu  on  Borne  of  tho  controller’s  nctivitios  in 
the  course  of  Inn  tauk  performance ,  and  perhaps  especially  on  thoir  pace  and  variety,  and  it  may  thus 
intorforo  with  other  measures  to  an  uncertain  degree. 

bomo  measures  aro  toe  similar  to  what  thoy  purport  to  measure.  An  obvious  oxamolo  iB  tho  verbal 
protocil  in  air  traffic  control.  Mont  cmtrollors  have  to  spook  01  much  in  tho  course  of  theur  work 
that  a  running  commcntai-y  by  them  on  what  they  are  doing  either  gets  111  tho  way  of  thoir  tasks  or  must 
itself  bo  inoompleto.  A  furthor  example  ooncarns  secondary  tasks,  a  measurement  technique  not  hitherto 
mentioned  beeuuas  it  is  unsatisfactory  in  air  traffic  control  though  it  has  boon  used  quito  widely  olue- 
whoro,  Its  thoory  10  that  spare  mental  capacity  or  mental  workload  can  bo  measured  by  introducing  a 
oecondary  tank,  to  bo  done  whenovnr  the  man  can  spare  tho  timo  for  it  without  sacrificing  any'  aspect  of 
luo  primary  task.  Thiu  loads  to  uevoral  complications  and  intoractionu: 

(1)  Some  people  are  unablo  to  obey  ouch  an  instruction. 

(2)  The  premi30  of  a  fixed  or  constant  montal  capacity  on  which  the  technique  depends  is  highly 

bus  poet. 

(3)  It  is  difficult  in  a  complex  air  traffic  control  task  environment  t.o  find  any  suitable 
secondary  task  that  would  not  intorforo  in  somo  way  with  any  aspect  of  the  air  traffic  control 
tasks . 

(d)  Since  air  traffic  control  con  to  e.  considerable  extent  expand  or  contract  to  fill  the  time 

available,  the  notion  of  what  constitutes  spare  time  or  capaoity  can  become  quite  arbitrary. 
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(5)  While  the  man  is  performing  any  secondary  task  an  additional  unmeasured  extra  task  is 
introduood  because  the  man  must  continue  to  pay  sufficient  attention  to  his  air  traffic 
control  tasko  to  know  when  to  stop  doing  the  secondary  task  and  return  to  them. 

(6)  In  air  traffic  oontrol  some  tasks  appear  to  bo  done  concurrently  in  any  case  because  they  are 
overleamed,  and  the  controller  can  perform  much  of  them  while  attending  to  something  else, 
yet  to  moasure  mental  capacity  this  must  be  diaentonglod,  and  the  switching  of  attention  must 
be  accounted  for. 

(7)  A  secondary  task  introduces  a  form  of  task  sharing  and  the  validity  of  measures  of  it  must  be 
impaired  by  tho  evidence  of  a  separate  task  sharing  abi  lity  which  is  oharaotaristio  of 
individuals  and  independent  or  partly  independent  of  tho  actual  nature  of  their  tasks. 

The  nature  of  human  fact  ora  is  interactive,  and  therefore  human  faotors  measures  inevitably  tend  to  be 
interactive  also,  especially  if  they  seek  completeness  of  measurement.  When  a  range  of  measures  all 
seem  to  be  in  agreement,  this  may  be  because  their  coverage  of  tho  relevant  sources  of  information  is 
incomplete.  An  example,  quoted  -clsowhoro  in  detail^  ,  notes  that  in  the  assessment  of  whether  mental 
workload  is  excessive,  system  measures,  performance  moasureo,  physiological  and  biochemical  measures, 
and  some  subjective  moaouras  may  all  apparently  agree,  and  it  is  only  when  a  different  kind  of  subjective 
ovidonoo  is  gathored  that  tho  countor  argument  begins  to  emerge,  and  the  fundamental  incompleteness  of 
on  apparently  .  emp re he naive  set  of  measures  becomes  apparent . 

When  human  faotors  measures  disagree,  tho  options  are  to  ignore  some,  to  integrate  them  into 
composite  measures,  to  accord  a  relative  weighting  to  them,  or  to  accept  tho  disagreement .  A  very  common 
finding  is  an  inverse  relationship  batwoen  time  and  errors,  with  attempts  to  derive  an  integral  measure 
such  as  tho  number  of  errors  per  unit  time,  or  moan  time  between  errors.  Because  air  traffic  control 
must  bo  safe,  orderly  and  oxpeditious  (and  also  impartial,  fuel  connorving  and  oconomioal),  measures  of 
such  dimensions  may  interact.  In  tho  absence  of  any  clear  policy  on  tho  relative  weighting  of  such 
factors  (how  far  chould  fuel  oonuorvation  be  achieved  at  tho  coat  of  expedition?),  some  conflict  between 
measures  is  inevitable.  Generally,  tho  specific  conflicts  that  will  arise  are  predictable,  and  the 
objectives  may  point  tho  way  to  their  resolution.  It  ia  bettor  to  agree  on  how  to  integrate  tho  measures 
bo  fore  they  are  gathered,  since  post  hoc  dooisiono  carry  the  imputation  of  fabrication,  justifiably  or 
not.  Although  tho  development  of  meaouroo  of  performance  in  man-machine  uystems  is  an  active  rooearoh 
field,  eomo  reoont  etudiea  still  find  that  the  interaotiona  bstwoon  rnoasuroD  have  boon  insufficiently 
appreciated,  and  that  adoquate  analytical  toohniquos  hnvo  not  yet  been  dovised  to  permit  tho  findings 
from  Various  measures  to  bo  interpreted  collectively  5*  (  (always  assuming  that  they  can  bo).  Tho  real 
problem  may  bo  deeper.  Tho  human  factors  approach  is  to  partition  tho  subject  matter,  and  to  take 
moasureo  of  tho  partitioned  dimensions.  If  the  whole  uubjeot  matter  ia  more  than  tho  sum  of  the  parti¬ 
tioned  purtu ,  then  the  euir.  of  all  tho  moauuroe,  no  matter  how  they  are  added  or  integrated,  cannot  fully 
represent  tho  whole,  although  partitioning  nay  enablo  tho  parts  to  be  understood.  If  tho  whole  is 
measured,  without  partitioning,  this  restricts  techniques  to  thoso  appropriate  to  eyatem  measures  or  to 
alliod  measures  such  as  modelling.  While  the  whole  may  be  adequately  described,  no  adoquate  understanding 
of  tho  unmeasured  parts  oan  emerge.  If  both  tho  whole  system  and  the  syotom  in  itu  partitioned  state,  arc 
moaoured,  this  roproaontB  a  major  commitment  of  resources  and  still  leaves  the  problem  of  tho  integration 
of  the  whole  and  tho  partitioned  moosuros,  oven  assuming  that  both  have  been  comprehensive.  Much 
definitive  work,  on  the  interactions  botween  measures,  on  their  integration,  on  their  completeness,  and 
on  their  reconciliation  when  they  confliot,  remains  to  be  done. 
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CHAPTER  16 

HUMAN  FACTORS  IN  AIR  TRAFFIC  CONTROL  RESEARCH  AND  DEVELOPMENT 
16a  THE  CONTRIBUTION  OF  HUMAN  FACTORS 

Tho  human  factors  specialist  concerned  with  air  traffio  control  research  and  development  seeks  to 
apply  his  knowledge,  techniques,  findings  and  interpretation*  to  further  the  objectives  of  the  research 
and  development  and  to  cover  all  relevant  human  factors  aspects  and  implications.  Occasionally  a 
research  and  development  programme  includes  a  study  that  focuseB  primarily  on  human  factors  issueB,  but 
most  air  traffic  control  research  and  development  problems  concern  the  system,  equipment,  technical 
innovations,  traffio  flows,  capacities,  and  the  like.  They  are  not  in  ossenoe  human  factors  problems. 
Therei'ore  the  role  of  human  faotors  is  to  contribute  towards  their  solution,  hut  the  main  variables, 
experimental  designs,  conditions  and  measurements  may  not  be  particularly  apposite  for  human  factors 
purposes,  nor  the  ones  that  would  have  been  chosen  for  a  purely  human  factors  study.  The  constraints 
on  research  and  development  are  such  that  a  human  faotors  interpretation  may  be  required  of  findings 
obtained  under  conditions  where  it  was  completely  impractical  to  insist  that  the  full  rigour  of 
traditional  human  factors  experimental  designs  and  control  over  variables  must  be  enforced.  Insistence 
on  such  enforcement  would  mean  that  few  studies  could  ever  sturt,  and  fewer  still  would  be  completed. 

This  doee  not  imply  that  the  human  faotors  specialist  con  afford  to  be  sloppy,  casual  or  unscienti¬ 
fic  in  his  approach  to  air  traffic  control  research  and  developments  far  from  it.  Given  a  free  hand 
and  unlimited  resources,  he  must  know  exactly  what  to  do  to  obtain  tho  most  reliable  and  valid  possible 
answer  to  eaoh  problem  in  human  faotors  terms.  He  must  know  how  human  factors  studies  should  ideally 
be  conducted  and  be  able  to  recognise  any  opportunity  for  a  well-designed  piece  of  relevant  human 
factors  research.  Typically  this  is  a  major  commitment:  it  involves  a  complex  and  rigorous  experimen¬ 
tal  design,  quite  large  numbers  of  subjects  in  order  to  assess  individual  differences  and  the  factors 
relevant  to  thorn,  multiple  measures  and  a  means  for  weighting  and  combining  them,  appropriate  scoring 
and  statistical  analysis  of  data,  sufficient  time  for  training  and  instruction  of  3Ubjecto  before  the 
experimental  design  proper  is  followed,  and  preforably  a  theoretical  basis  from  which  hypotheses  for 
testing  can  be  derivod  and  aocording  to  which  findings  can  be  interpreted.  But  human  factors  expertise 
in  air  traffio  oontrol  research  and  development  programmes  muBt  oxtend  beyond  a  knowledge  of  what 
would  bo  idaul. 

In  air  traffio  oontrol  research  and  development  tho  human  factors  specialist  must  expect  to 
encounter  major  obstacles  to  tho  conduct  of  valid  human  factors  experiments,  lie  must  therefore  bo  able 
and  willing  to  compromise,  and  recognise  the  full  implications  of  doing  so.  He  may  have  equipment  for 
only  a  vary  limited  time,  far  loss  than  he  would  like.  The  coat  of  using  an  air  traffic  control 
research  and  development  facility  may  mean  that  every  moment  must  be  put  to  productive  use.  Few  people 
may  have  been  trained  to  do  the  tasks  being  studied,  and  the  costs  of  training  others  with  the  facility 
on  line  would  bo  prohibitive.  There  may  be  no  suitable  theoretical  framework  to  generate  hypotheses 
or  to  provide  a  basis  for  gauging  how  far  findings  might  generalise  or  bo  extrapolated.  Perhaps  above 
all  tho  human  factors  specialist  must  li&ve  sufficient  insight  into  the  nature  of  experimental  designs 
and  their  associated  statistical  techniques  and  relative  power  to  understand  which  questions  can  still 
be  answered  validly  and  which  cannot,  with  various  depart. ures  from  the  ideal  design.  This  in  often  a 
conspicuous  woaknsoo  when  luboratoiy  trained  academic  psychologists  tackle  applied  human  factors 
problems.  They  know  what  should  bo  done  but  lack  sufficient  insight  into  experimental  designs  and 
statistical  techniques  to  appreciate  exactly  what  can  still  bo  salvaged  and  what  must  be 
sacrificed  in  the  fuoo  of  ouch  common  woes  as  a  very  small  number  of  oubjeuts,  confounded  variables, 
incomplete  control  over  variables,  progressive  familiarity  with  the  experimental  material,  oquipmont 
breakdowns  in  the  middle  of  experimental  runs,  abandonment  of  part  of  the  experimental  design,  mis- 
judgments  of  tho  difficulty  or  feasibility  of  now  procedures  or  tasks,  or  unbalanced  experience  with 
compared  alternatives.  All  too  ofton,  such  difficulties  are  glossed  ^ver  in  official  accounts  of 
research  studies.  No-one  likos  to  admit  to  a  debacle,  especially  an  expensive  one,  but,  if  its  occurrence 
is  never  conceded  and  openly  acknowledged  and  described*  subsequent  researchers  can  gain  a  false 
impression  that  they  are  besot  by  pocularily  baleful  vicissitudes,  when  they  are  really  encountering 
normal  difficulties . 

It  can  also  be  important  in  analysing  human  factors  data  to  know  the  conditions  under  which  various 
statistical  treatments  can  be  used,  and  the  relative  power  of  alternative  statistical  treatments  that 
are  valid.  Tho  ideal  statistical  method  may  be  difficult  to  justiiy  if  on  alternative  technique  that  is 
almost  as  powerful  requires  far  fowor  ronourceo  find  is  much  quicker.  In  applied  work,  a  relationship 
that  is  teetering  on  the  brink  of  statistical  significance  is  noi  usually  of  sufficient  practical 
importance  to  warrant  tho  application  of  elaborate  time-consuming  statistical  techniques  to  it.  Note 
that  this  does  not  sanction  the  use  of  statistical  techniques  that  are  not  valid,  but  docs  moan  that  the 
practical  appropriateness  of  techniques  depends  partly  on  their  power  as  techniques  and  on  tho  effort 
their  application  entails  in  2‘olation  to  the  practical  importance  of  tho  question  which  they  addross. 

In  research  and  development  work,  collective  decisions  must  bo  made  on  the  optimum  use  of  limited 
resources  to  gain  the  maximum  amount  of  relevant  valid  information.  A  vital  human  factor  .  contribution 
is  to  explain  tho  measurement  teclmiques  that  con  be  employed,  the  conditions  that  must  be  met  to  ensure 
their  validity,  and  the  questions  that  cannot  be  answered  if  those  conditions  are  not  met.  There  should 
be  full  understanding  and  agreemont  about  the  questions  that  con  and  cannot  bo  anaworod  before 
experimental  st\xlies  begin. 

Air  traffio  oontrol  research  and  development  is  biased  towards  techniques  of  evaluation  that  employ 
simulation  facilities,  and  away  from  simple  laboratory  studies  on  the  one  hand  and  real-life  studies  on 
the  other.  The  contributions  of  human  factors  to  air  traffic  control  evaluations  are  considered  more 
fully  in  the  next  section.  Other  human  factors  contributions  to  air  traffic  control  roceurch  and 
development  are  listed  here  more  briefly.  This  text  ae  a  whole  implies  what  the  whole  range  of  human 
factora  cunt ribirt ions  can  and  should  be. 
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(1)  Tho  application  of  basic  psychological  knowledge  of  humun  capabilities  and  limitations#  An 
aim  of  the  human  factors  contribution  to  air  traffic  control  research  and  dovolopmont  is  to 
utilise  human  strengths  and  circumvent  human  weaknesses  in  the  interests  of  safe  and  efficient 
air  traffic  control,  to  ensure  tliat  the  research  and  development  programme  does  not  founder 
because  of  a  gross  mismatch  between  envisaged  human  relou  mid  actual  human  capabilities. 
Wherever  possible  the  human  factors  specialist  must  uso  his  knowledge  to  suggest  practical 
means  to  ensure  the  successful  progress  of  the  programme. 

(2)  The  application  of  applied  human  faotors  knowledge  from  air  traffic  control  and  other  contexts. 

The  aim  is  to  learn  human  factors  lessons  from  previous  relevant  work,  and  honoe  to  improve 
specifications  and  ensure  that  any  former  mistakes  are  nox  repeated.  The  particular  research 
and  development  programs  is  interpreted  in  relation  to  human  factors  work  on  other  man- 
machine  systems,  so  that  problems  arc  identified  aa  upecifio  to  air  traffic  control  or  gonoral, 
and  the  range  ol'  previous  relevant  ovidenco  oan  thus  be  identified.  Thin  ontailo  oomprehenai vo 

knowledge  of  the  relevant  literature,  and  skillod  interpretation  of  it  on  the  part  of  the  human 

factors  specialist. 

(3)  The  identification,  classification  and  interpretation  of  the  whole  rango  of  human  factors 

problems  relovant  to  each  rasoarch  and  development  programme.  This  requires  dotailod  under¬ 
standing  and  knowledge  of  the  aims  and  content  of  tho  programme.  A  first  stop  is  to  onouro 

that  all  intrinsic  human  factors  problems  havo  boon  recognised  and  arc  discussed,  especially 
new  ones.  A  human  factors  contribution  is  to  auggcox  their  importance  and  consequences  in 
human  factors  terms,  to  describe  what  is  already  known  about  eaoh,  to  advise  on  probloms  where 
existing  knowledfje  appears  insufficient,  and  to  state  tho  human  l'aotors  work  that  would  bo 
needed  to  gain  sufficient  knowledge  for  tho  particular  rcooarch  and  development  purposos. 

(4)  Participation  in  tho  planning  of  tho  research  and  dovolopmont  programme.  Here  tho  role  of 
human  factors  is  not  me roly  to  provide  rolovnnt  evidence  and  advioo,  but  to  indicate  tho 
strength  and  generality  of  tho  evidonoo  and  the  probabilities  for  eaoh  problom  that  there  1b 
a  solution  and  that  tooliniqucs  to  discover  it  can  bo  doviood  and  uuod.  As  a  mombor  of  a 
collaborative  research  and  dovolopmont  team  tho  human  factors  specialist  muot  ulwnyu  try  to 
further  its  aims,  bo  oonstruotivo  and  find  ways  round  the  objections  and  difficulties  that 

he  must  inevitably  raise  from  time  to  time.  An  aim  is  to  optimioc  oach  man-maohine  interl'aoe. 

(5)  Advice  <m  appropriate  human  factors  techniques.  In  addition  to  the  provision  of  Iranian  factors 
knowledge  tho  human  factors  specialist  advinoo  on  brood  categories  of  tocluiiquo,  ouch  as 
theoretical  otudiaa,  model  building,  laboratory  experiments,  simulations,  and  tho  study  of 
aspects  of  roal-lifc  air  traffic  control  environments.  He  also  advises  on  specific  techniques 
within  eaoh  of  those  categories  and  makos  recommondationo  on  those  tliat  should  bo  employed. 

In  doing  so  ho  takes  account  or  their  practical  feasibility,  tho  roquired  rosourcoe,  tho 
probability  of  obtaining  definitive  ovidonce,  the  ouoo  of  interpretation  of  findingu,  and  the 
prospoote  of  successful  integration  of  evidence  obtained  from  different  toohniquos. 

(6)  The  measurement  of  individual  participants  in  air  traffic  control  roucaroh  and  development 
studios.  Advica  is  given  on  tho  range  of  moaouros,  oejiecially  of  performance,  individual 
differenoeo  and  subjootivo  auoooramento,  on  the  kinds  of  evidonoo  tliat  eaoh  can  and  cannot 
yield,  on  the  amount  of  detn  needed  to  draw  conclusions,  on  tho  reliability  and  validity  of 
moaouros,  and  on  the  conditions  that  liave  to  bo  mot  for  suecosoful  measurement. 

(7)  I'Mrther  human  factors  implications  of  the  roucaroh  and  devolopmont  programme.  Thooo  includo 
tho  dovolopmont  of  methods  of  faun liariuat i<in  and  training  ussooiatod  with  propoood  innova¬ 
tions,  implications  for  selection,  relations  to  responsibilities  and  status,  and  possible 
effects  on  woll-boing  and  attitudes. 

(8)  Tho  design  of  axperimonts  and  tho  choice  of  statistical  techniques  to  moot  human  factors 
requirements.  The  aim  of  measures  is  t  >  gather  reliable  and  valid  data  to  enable  judgments 
about  tho  research  and  development  programme  to  bo  formod.  To  uohiovo  this  aim,  it  iu 
necosoary,  wherever  possible,  to  adhere  to  orthodox  human  factors  dosigtis  in  which  no  incorrect 
assumptions  wu  made,  particularly  about  wlicthor  tho  Interacting  offocto  botwoon  variables  have 
been  parcelled  out.  S [mein list  human  factors  advice  is  neodod  on  the  value  and  interpretation 
;f  evidenco  when  the  normal  requirements  for  reliability  and  validity  cannot  bo  met. 

(9)  The  interpretation  of  evidonoo.  Tho  findings  during  air  traffic  control  rooourch  and  develop¬ 
ment  aro  considered  primarily  in  relation  to  air  traffic  control.  This  a.lono  may  not  oneui" 
that  their  human  factors  applications  a.ro  all  recognised.  If  they  aro  not,  tho  human  factors 
specialist  must  spoil  thorn  out  in  air  traffic  control  tonus 

(10)  Tho  reluticn  of  research  and  dovolopmont  to  the  air  traffic  control  oyotom  in  human  factors 

terms .  The  human  factors  contribution  to  air  traffic  control  research  and  development  should 
also  be  interpreted  in  terms  of  the  role  of  human  factors  in  air  traffic  control  in  general 
(see  Chapter  3).  Hot  only  uhouid  the  human  factors  imp.’ icationu  and  findings  lie  reported  and 
interpreted,  but  the  stage  during  the  ovolution  of  tho  a. r  traffic  control  system  at  which 
oach  becomes  relevant  should  also  be  stated,  so  that  tho  findings  from  human  factors  contri¬ 
butions  to  air  traffic  control  research  and  dovolopmont  are  correctly  led  back  to  influence 
air  traffic  control  itsolf  in  the  most  appropriate  way. 
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16b  HUMAN  FACTORS  APPLICATIONS  TO  AIR  TRAFFIC  CONTROL  EVALUATIONS 

Evaluation?  for  air  traffio  control  rasoaroh  and  development  generally  employ  facilitieo  built  for 
that  purpose  They  must  often  U3e  current  technology  to  represent  proposed  future  teohnology.  They  can 
seldom  last  long  enough  for  the  participants  to  reach  full  proficiency  in  their  tasks*  When  an  evalua¬ 
tion  is  conducted  for  research  and  development  purposes,  it  is  more  appropriate  to  seek  to  establish  tha 
feasibility  of  concepts  or  to  verify  that  development  is  proceeding  along  the  right  lines  than  to  seek 
quantitative  measures  of  oapaoity  or  definitive  evidence  on  system  performance  in  real-life.  The 
objectives  of  evaluations  vaiya  great  deal,  and  the  human  faotors  contributions  to  them  are  therefore 
not  always  the  same.  Nevertheless  it  is  possible  to  indicate  aspects  of  evaluations  to wliioh  human 
faotors  contributions  can  be  made.  These  overlap  considerably  with  contributions  to  operational  air 
traffio  control  systems. 

Given  the  purpose  of  an  evaluation,  human  faotors  advioa  can  be  offered  on  what  should  be  rtono  to 
obtain  findings  that  are  as  valid  and  pertinent  as  possible.  Die  topio  concerns  the  operational  posi¬ 
tions  that  should  be  inoluded  in  the  evaluation,  tha  equipment  required  at  eaoh,  and  the  authenticity 
of  eaoh  operating  position.  The  main  positions  usually  must  be  replicated  with  considerable  fidelity 
and  completeness,  or  also  the  controller's  time  will  not  be  fully  occupied  with  realistic  tasks. 

However,  peripheral  and  feed  operating  positions,  there  to  enable  the  evaluation  to  take  place  but  not 
an  intrinsic  measured  paid  of  it,  can  remain  incomplete  and  soma  can  often  be  combined.  Equipment  has  to 
be  provided  that  functions  realistically  so  that  the  tasks  for  the  oontroller  in  the  evaluation  are 
similar  to  those  that  occur  or  will  occur  in  rf  ,1— life,  and  a  full  range  of  his  tasks  must  be  inoluded. 

The  extent  to  which  the  chosen  tasks  are  representative  of  others  should  depend  on  the  objectives  of  the 
evaluation. 

Similar  considerations  apply  to  the  air  traffio  Bamples  used  for  the  evaluation.  It  is  vital  that 
these  can  be  specified  in  detail  and  classified  in  some  way,  so  that  any  differences  attributable  to 
differonoos  between  samples  can  bo  discovered  and  expressed  in  general  terms.  It  is  also  important  that 
aircraft  types  should  be  seen  to  behave  realistically.  If  they  do  not,  this  constitutes  a  distraction 
and  a  constant  reminder  to  the  controller  that  ho  iB  participating  in  an  evaluation.  If  aircraft  do  not 
manoeuvre,  accelerate,  climb  or  descend  as  expected,  this  produces  unknown  effeotB  on  control  strategy 
and  efficiency.  There  aro  enough  potential  sources  of  poor  validity  present  in  any  air  traffio  control 
evaluation,  without  introducing  any  further  avoidable  oir.s  of  unknown  significance. 

Because  controllers  are  not  fully  conversant  with  the  system  being  evaluated,  measures  of  their 
workload,  traffic  handling  capacity,  taotios,  and  proficiency  are  inherently  suspect.  However  it  only 
takes  one  successful  oontroller  to  show  that  a  task  is  feasible  in  principle,  or  to  illustrate 
possible  improvements  as  experience  with  the  system  is  gained.  The  question  of  realism  and  fidelity  in 
evaluations  is  bound  up  with  the  need  to  aoquire  skills  during  the  evaluation  and  transfer  them  else¬ 
where,  porhaps  even  to  train  others  in  them.  If  this  is  not  envisaged,  the  requirements  for  realism 
become  less  stringent,  as  they  also  do  if  an  aval 'ration  is  comparative  and  any  inadequacies  in  it  apply 
equally  to  all  the  compared  conditions. 

Human  faotors  advice  covers  communications  links  between  controllers,  and  between  controllers  and  the 
input  operators  who  represent  pilots.  A  problem  in  air  traffic  ooutrol  evaluations  is  often  that  those 
links  are  too  smooth  and  trouble  free.  Contacts  con  be  mado  without  delay;  channols  are  clear; 
instructions  are  understood  immediately  and  implemented  at  once.  Tha  participating  controller  can  come 
to  rely  too  much  on  this  smoothness.  For  some  purpoBis  such  as  feasibility  it  may  not  matter,  but  it 
oan  wrock  measures  of  oapacity.  Hunan  factors  advice  can  indicate  the  stepB  necessary  to  achieve  the 
kind  of  communications  required,  for  the  particular  objectives  of  the  evaluation. 

Perhaps  the  most  straightforward  application  of  human  faotors  principles  to  research  and  development 
evaluations  concerns  the  workspace,  furniture  and  man-machine  interface.  Tho  ergonomic  pnuoiples  for 
the  design  of  suites  and  consoles  can  be  implemented  as  they  stand.  Physical  environmental  conditions 
should  not  be  grossly'  different  in  the  evaluation  from  those  in  real-life,  and  human  factors  guidance 
can  bo  provided  on  the  tolerable  limits  within  which  little  effect  of  environmental  variables  on  the 
findings  of  the  evaluation  would  be  expeotad.  The  lighting  should  replicate  operational  lighting 
conditions  closely  if  these  are  known  at  the  time  when  the  evaluation  takes  place.  The  basio  recommen¬ 
dations  for  the  design  of  workspaces  to  foster  the  well-being  of  the  operators  in  them  should  be 
followed.  Known  causes  of  postural  or  visual  difficulties  should  be  excluded  from  evaluations,  os  they 
would  ba  from  real-life  systems. 

The  detailed  layout  of  each  operating  position  for  the  evaluation  should  meet  human  faotors 
requirements.  All  controls  should  bo  correctly  ohosen,  optimally  positioned  and  checked  for  sensitivity. 
The  basic  guidelines  for  matching  control  specifications  and  locations  with  task  requ  mento  should  bo 
followed.  All  controls  should  be  oheokod  to  ensure  as  far  as  possible  that  they  are  not  a  source  of 
needloss  errors  or  delays.  Display  control  relationships  should  he  optimised,  display  contents  should 
be  specified  in  relation  to  task  performance  and  to  the  objectives  of  the  evaluations  the  information 
on  each  display  should  ba  olear,  correctly  coded,  and  laid  out  to  facilitate  its  use  for  the  envisaged 
tasks.  Displays  for  the  evaluation  should  be  considered  collaotivoly  so  that  there  are  no  anomalies 
between  tho  codings  on  different  displays;  those  might  not  matter  in  the  evaluation  but  would  not  be 
acceptable  operationally.  Likewise,  codings  known  to  bo  inadequate,  but  introduced  as  a  matter  of 
practical  necessity  within  the  technological  constraints  of  the  evaluation,  must  be  treated  with  circum¬ 
spection.  There  is  soma  tendency  for  aspects  of  the  man-machine  interface,  initially  adopted  in  an 
evaluation  solely  for  reasons  of  expediency  and  with  full  awareness  of  their  glaring  defioieDoies,  to  be 
perpetuated  in  subsequent  evaluations  and  oven  in  operational  systems  because  they  are  never  queried 
thereafter.  In  evaluations,  as  in  real-life  air  traffio  oontrol,  the  man-maohine  interface  should  be 
designed  as  a  whole. 

The  capacity  of  tho  displays  and  controls  is  not  necessarily  that  required  for  the  evaluation, 
although  it  may  he  if  the  aim  is  merely  to  demonstrate  the  feasibility  of  a  concept.  More  co„monly,  it  is 
essential  to  establish  that  a  concept  being  evaluated,  such  as  a  particular  configuration  of  displayed 
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information,  would  remain  usable  under  operational  conditions,  and  particularly  with  the  peak  system 
loadings  encouitored  operationally.  The  displays  can  set  a  limit  on  system  aapacity  if  there  is  not 
room  on  them  for  tha  essential  information  about  all  the  aircraft  under  control  at  that  operating 
position.  Maximum  traffic  Eamplea  and  loadings  nay  be  set  by  the  capacity  limits  appropriate  for  the 
evaluation.  Extrapolated  human  factors  evidonoo  can  indicate  some  of  tha  problems  that  will  arise  with 
loadings  in  exoess  of  those  covered  in  the  evaluation,  and  may  offer  solutions  to  thorn.  A  substantial 
increase  in  tabular  information,  for  example,  may  require  additional  coding  dimensions  to  impose  a  better 
visual  atruetiuio  on  it  to  facilitate  searching.  These  additional  codings  should  be  tried  in  the 
evaluation.  Tha  displays  should  therefore  be  able  to  accommodate  the  amount  cf  data  that  would  be 
generated  under  peak  real-life  system  loading,  even  though  it  may  not  be  possible  to  aotually  generate 
this  amount  during  the  evaluation. 

Some  human  faotors  questions  can  bo  answered  and  soma  cannot  using  the  traffic  samples  chosen  for 
the  evaluation.  It  is  essential  to  make  this  dear  before  the  specification  of  tho  traffic  sainpleo  is 
finally  settled,  so  that  adjustments  to  them  can  be  made  if  answers  are  wanted  to  tho  questions  that 
would  remain  unanswered.  As  a  matter  of  expediency,  ths  amount  of  traffic  in  tha  samples  usually  has 
to  be  increased,  progressively  or  in  steps,  during  the  evaluation,  since  light  samples  are  needed  at  tho 
beginning  while  participants  are  learning  how  the  system  functions,  and  hoaviei  samples  aro  needed  later 
to  aback  that  they  can  be  handled.  Some  aspects  of  samples  can  become  so  familiar  that  tho  problems 
thoy  poso  are  anticipated.  If  this  happens,  it  oan  invalidate  many  measures  and  distort  procedures. 

Human  faotors  advice  can  indioate  the  aspects  of  samples  that  may  become  too  familiar,  and  tho  conse¬ 
quences  in  terms  of  reduced  validity. 

The  processes  of  initial  verbal  or  written  briefing,  instruction,  demonstration,  familiarisation 
and  training  that  normally  precede  an  evaluation  all  have  a  substantial  influonco  on  its  findings,  and 
human  factors  evidence  can  be  used  to  illustrate  this,  and  if  necessary  to  quantify  and  allow  for  some 
of  their  effects.  The  justification  for  doing  this  depends  in  part  on  the  objeotivea  of  the  evaluation. 
With  experimental  equipment  that  is  in  an  early  stage  of  development  and  not  intended  for  operational 
use  in  its  ourrent  form,  suoh  precautions  may  be  superfluous.  In  other  contexts  they  may  bo  vital. 

The  first  evidence  on  effective  training  procedures  for  an  innovation  may  be  obtained  when  it  is  evalua¬ 
ted,  because  some  training  must  be  dona  before  the  evaluation  can  take  place.  Human  factors  advice  on 
procedures  for  training  should  often  be  obtained  and  followed  at  this  stage  of  an  evaluation  much  more 
thoroughly  than  it  normally  is,  sinoe  the  teohniquos  for  training  and  familiarisation,  developed  for  tho 
evaluation  and  partly  diotated  by  factors  of  expediency  associated  with  it,  may  subsequently  become  more 
entrenched  than  is  warranted;  potentially  better  methods  of  training,  excluded  by  tho  circumstances  of 
the  evaluation,  may  never  be  tided. 

Team  structures  and  manning  levels  employed  for  an  evaluation  must  inevitably  bo  incomplete  in  some 
respects.  Some  of  their  human  faotors  consequences  oan  be  specified  in  terms  of  functions  that  are 
oversimplified,  tasks  that  are  not  done,  and  communications  that  can  bo  dispensed  with.  In  evaluations 
it  is  easy  to  undor-represont  the  amount  of  time  spent  in  routine  communication,  co-ordination  and 
liaison,  partly  because  some  of  those  activities  oan  be  omitted  altogether,  and  partly  booauso  thoao  that 
remain  aro  shorn  of  moot  of  their  difficulties.  It  is  not  always  possible  in  an  evaluation  for 
controllers  to  give  as  much  help  as  they  normally  would  to  their  colleagues  alongside  them,  uithor  because 
uuoh  help  during  the  evaluation  is  formally  discouraged  in  the  interests  of  measurement,  or  because  all 
the  normal  moans  of  rendering  help  aro  not  present.  The  offeots  of  this  can  be  expressed  in  human 
faotors  termQ. 

A  further  human  factors  contribution  to  evaluations  concerns  the  implications  of  thoir  total  dura¬ 
tion  on  tho  validity  of  the  resulting  evidence.  The  number,  length  and  scheduling  of  oxeroisos  in  an 
evaluation  affects  learning,  tho  attainment  of  profioienoy,  tho  onset  of  boredom  or  fatigue,  and  the 
understanding  of  how  the  evaluated  system  functions.  It  con  also  al'feot  the  measures  so  much  that  in 
almost  all  traffic  control  evaluations  the  data  have  to  bo  classified  in  terms  of  the  exorcises,  ■  : 

sequence,  and  tho  stated  difforences  between  them.  Human  faotors  knowledge  cf  work-rest  cycles 
their  effeots  or.  various  types  of  measurement  can  bo  brought  to  boar. 

More  broadly,  human  faotors  requirements  have  a  vital  interaction  with  experimental  designs,  she 
choice  and  manipulation  of  oontrellod  variables,  and  the  selection  of  appropriate  statistical  toonniques. 
These  must  meet  human  faotors  constraints  as  wail  as  mathematical  and  statistical  ones.  In  particular, 
a  design  in  which  tho  faotors  aro  mathematically  balanced  is  not  thereby  a  design  in  which  they  are 
balanced  in  human  faotors  terms.  If  the  effects  of  interactions  must  be  studied  and  allowed  for,  this  is 
possible  only  with  a  combination  of  appropriate  experimental  designs  with  correct  statistical 
techniques  according  to  human  faotors  criteria. 

Many  of  the  methodo  of  moasur.ing  the  controller,  described  in  the  previous  chapter,  can  be  applied 
in  evaluations.  Indeed  they  may  take  particularly  rigorous  and  thorough  forms  in  researoh  and  development 
contexts  whore  in  prinoiplo  there  oan  be  greater  control  over  variables  and  more  precise  quantification 
of  their  effects  than  in  I'eal-life  air  traffic  control.  In  particular  it  may  bo  more  feasible  to  measure 
the  man  as  distinct  from  a  man -machine  eub-eystea,  although  this  is  not  often  done. 

Tho  main  kinds  of  measurement  in  evaluations  refer  to  system  performance,  task  performance,  indivi¬ 
dual  di  lie  ranees,  ttrd  subjective  assessments.  Each  of  these  can  become  elaborate  and  detailed  when 
circumstanoea  warrant,  and  aonvatiraoG  when  they  do  not.  Many  of  the  measurement  techniques  mentioned 
previously  are  uaod:  there  is  some  tendency  to  measure  everything  possible  since  the  system  constructed 
for  the  evaluation  is  temporary,  and  once  dismantled  no  additional  evidence  that  way  have  been  overlooked 
can  be  gathered  afterwards.  While  common  prudence  suggests  thoroughness  in  measurement,  practical 
considerations  point  in  the  other  di  'action.  As  the  findings  from  an  evaluation  for  researoh  and 
development  purposes  are  wanted  quickly  to  enable  further  planning  to  take  place,  ohronio  delays  because 
of  over-ambitious  and  unoeleotive  data  gathering,  measurement  and  analysis  may  not  bo  viewed  favourably. 
Minutely  detailed  descriptions  of  evonte  in  a  system  still  being  evolved  may  serve  no  useful  purpose. 

Human  factors  guidance  can  usually  make  clear  the  range  and  detail  of  tho  minimum  measures  needed  to  meet 
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the  objectives  of  the  evaluation;  although  it  may  be  vise  to  measure)  rather  more,  it  may  be  equally 
wise  not  to  analyse  moasures  beyond  the  minimum  initially,  unless  there  iB  time. 

Human  faetoro  guidance  may  aloo  ba  needed  to  interpret  apparent  anomalies  between  measures.  The 
commonest  arise  between  objective  measures  of  task  porformanoo  and  BUbjectivo  assessments  on  allied 
dime" “ions,  though  some  measurement  criteria  in  air  traffic  control  may  be  inherently  difficult  to 
raoonoile°^  •  For  example,  a  controller  may  report  that  his  performance  has  certainly  been  improved  by 
the  provision  of  colour  coding  on  his  displays,  whereas  objective  me'murements  of  performance  show  no 
improvement  whatsoever.  There  is  no  point  in  dismissing  part  of  this  evidence  as  wrong.  The  revelation 
of  suoh  disparities  is  a  major  reason  for  collecting  both  objective  and  subjective  data  in  air  traffic 
control  evaluations,  and  may  halp  to  explain  what  might  otheivioe  remain  inexplicable.  The  controller 
aote  according  to  his  beliefs!  they  are  incorrect.  There  is  a  human  faotors  problem  to  disoover  how 
thoy  have  arisen,  and  to  trace  their  practical  consequences  for  the  safety  and  efficiency  of  the  system. 
When  these  consequences  are  known,  thoy  provide  evidence  on  whether  any  attempt  to  change  the  control¬ 
ler's  beliofs  should  be  undertaken.  In  evaluations,  it  can  he  particularly  important  to  measure 
attitudes  and  opinions.  With  innovations  it  may  oven  be  possible  to  show  how  and  why  attitudes  to  them 
are  formed.  Whether  equipment  is  efficient  is  one  thing,  and  whether  it  is  liked  is  another:  both  can 
be  measured  by  human  factors  techniques  in  evaluations. 

The  final,  and  perhaps  major,  human  factors  contribution  to  air  traffio  control  evaluations  for 
research  and  development  purposes  is  in  the  interpretation  of  findings,  inoluding  an  estimats  of  their 
generality  end  of  the  oonfidenco  that  should  be  placed  in  them,  it  is  in  the  nature  of  evaluations  that 
excessive  extrapolation  of  their  findings  must  ultimately  prove  oontentious.  The  human  factors  specia¬ 
list  can  Neigh  the  evidence  in  human  faotors  terms,  relate  it  to  previous  experience  and  to  the  general 
literature,  assess  the  seriousness  of  the  constraints  imposed  by  a  limited  number  of  participants  and 
by  the  evaluation  itself,  estimate  the  reliability  and  validity  of  tho  data,  and  gauge  the  magnitude 
and  relevance  of  disparities  between  the  evaluation  and  real-life  conditions.  Those  and  other  kindB  of 
information  are  used  to  interpret  tho  findings  of  the  evaluation  in  hvman  factors  terms.  The  human 
faotors  specialist  is  therefore  able  to  provide  an  impartial  commentary  on  tho  evaluation. 

16c  REAL -TI HE  AND  PAST-TIME  SIMUUTIOH 

The  air  traffio  control  evaluations  discussed  in  the  previous  section  are  in  real-time.  This  moons 
that  thoy  include  controllers  who  perform  tacks  at  a  workspace,  using  display's  and  controls.  Aspoots  of 
the  system  or  their  performance  are  measured,  often  in  terms  of  times,  evontu  and  errors,  and  perhape  by 
other  monne.  In  real— time  evaluation,  there  is  a  real,  photographablo,  physical  environment,  oitlior 
simulated  or  operational. 

Real-time  simulation  has  beun  used  voiy  extensively  in  research  and  development  for  air  traffic 
ooutrol.  Ah  a  result,  informed  judgments  can  be  made  of  its  value  and  limitations  os  a  technique.  A 
recent  appraisal  concluded  that  os  a  teohniqua  it  is  both  indispensable  and  over-used^0  .  It  is 
indispensable  because  much  of  tho  evidence  about  human  interactions  with  the  system  can  he  obtained  in 
no  other  way,  short  of  operational  conditions,  and  sometimes  not  even  then.  It  has  been  over-used  partly 
beenufle  of  its  employment  for  a,  much  wider  range  of  applications  than  thooe  for  whioh  it  is  really 
suited,  and  partly  because  in  addition  to  fulfilling  its  own  functions  it  has  had  to  do  duty  for  simpler 
laboratory  studios  that  should  normally  precede  it  and  for  real-life  verification  that  should  normally 
follow  it. 

The  assumption  seems  to  bo  prevalent  that  different  types  of  finding  from  real-time  simulation 
studies  have  equivalent  validity,  despite  extensive  evidenoo  to  tho  contrary.  Findings  from  roal-timo 
simulation  are  not  definitive,  but  require  verification.  They  are  never  wholly  useless  and  never 
completely  valxd.  The  problem  is  to  establish  the  oredonce  eaoh  finding  should  bo  afforded.  More 
credence  osn  ofton  be  given  to  comparative  findings,  about  alternative  equipment,  displays,  controls, 
methods,  procedures,  instructions,  divisions  of  responsibility,  eto,  than  to  absolute  findings,  about 
capaoities,  workload,  tactiOB,  strategies,  error  rates,  etc.  In  the  former,  moot  determinants  of 
validity,  or  of  the  lack  of  it,  apply  about  equally  to  tho  alternatives,  and  it  may  therefore  not  be  of 
groat  practical  consequence  if  all  these  determinants  cannot  be  defined  and  specified  exactly.  In  the 
latter,  the  answer  obtained  is  a  direct  function  of  these  same  determinants  of  validity;  if  they  cannot 
be  quantified,  or  even  identified,  confidence  in  the  findings  becomes  correspondingly  uncertain. 

Because  roal-timo  simulation  studies  seek  general  anewere.  expressed  in  system  terms,  the  importance  of 
individual  differences  between  controllers  can  bo  undt  rest i mated,  and  their  measurement  nogleoted  -  a 
oharaoteriotio  weakness  of  real-time  simulation  as  a  technique,  which  applies  even  moro  foroibly  to 
fast-time  simulation. 

Fast-time  simulation,  as  a  teohniqua,  is  baaed  on  a  mathematical  description  or  model  of  a  system. 

It  needs  no  physioal  equivalent.  Its  validity  depends  on  tho  extant  to  which  various  functions  oan  be 
expressed  in  mathematical  terms.  In  air  traffic  oontrol  research  and  development  and  in  other  large  mon- 
machine  systems,  fast-time  simulation  is  generally  woake3t  when  it  attempts  to  express  the  role  and 
1 unctions  of  controllers  mathematically.  Very  simple  human  functions  oan  often  bo  dosoribed  by  a 
mathematical  equation  of  comparable  simplicity,  that  successfully  accounts  for  most  of  the  variance. 
Progressively  moro  complex  functions  require  correspondingly  more  complex  formulae,  that  account  for  loss 
of  the  variance.  At  some  point,  whioh  varies  with  the  objectives,  the  effort  entailed  in  the  compila¬ 
tion  of  adequate  mathematical  descriptions  of  human  Auctions  is  no  longer  repsyod  in  terms  of  the 
usefulness  of  the  descriptions  or  their  adequacy  as  descriptions.  A  further  praotioal  constraint  is  that 
many  tasks  in  air  traffio  oontrol  are  not  understood  well  snough  for  a  mathematical  description  of  than), 
even  an  inadequate  one,  to  bo  oompilod. 

It  is  possible  in  fast-timo  simulation  to  omit  human  functions  altogether.  Aspects  of  system 
functioning  with  minimum  human  intervention  can  be  studied  satisfactorily  in  this  way.  If  human  functions 
are  lnolwled,  in  principle  thoy  can  be  represented  in  variouo  ways  in  fast-time  simulation.  In  increasing 
order  of  complexity,  a  human  function  moy  be  introduced  as  a  fixed  delay  (a  mean,  median  or  mode),  as  a 
variable  delay  picked  cn  eaoh  occasion  at  random  from  a  distribution  derived  from  theoretical 
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descriptions  of  how  the  man  should  function  or  from  practical  evidence  on  how  he  does  function,  or  as  a 
variable  delay  chosen  on  each  oooasion  from  a  distribution  according  to  a  prodotorminod  principle.  This 
last  option  incorporates  on  allowance  for  individual  differences.  For  example  an  experienced  man  would 
tend  to  talcs  shortor  times  then  an  inexperienced  ono  on  most  functions,  and  the  delay  on  most  functions 
would  therefore  bo  below  avorago  to  represent  him.  For  purpoooe  of  font-time  simulation,  human  errors 
can  bo  treated  similarly,  as  fixed  in  nature,  fixed  in  proportion,  or  both;  on  random;  or  as  following  a 
predetermined  pattern  to  accord  with  euoh  factors  as  un  individual's  exporionee.  It  is  thus  possible 
hy  various  means  to  attempt  to  represent  human  variability  in  fast-tiino  simulation.  In 
praotioe  the  attempt  is  seldom  made  in  uir  traffio  control  rosoarch  and  development.  It  can  bocomo  very 
time-consuming. 

Fast-timo  simulation  as  a  technique  has  the  bonoi'it  implied  by  ito  title.  Bocauso  it  is  foot,  many 
replications  are  possible.  Generally  thoso  are  olaoaifiod  by  the  input  to  the  fant-timo  simulation.  The 
same  input  in  made  repeatedly  while  many  variations  aro  introduced  within  tho  simulation  to  explore 
their  offeots.  When  this  has  boen  done,  the  input  iB  changed,  and  the  some  variations  aro  explored 
again  with  tho  revised  input.  With  thic  fast  -t  i  mo  simulation  tool  clique,  far  more  runs,  with  far  grouter 
oontrol  and  manipulation  of  variables,  aro  possible  tlian  in  roal-timo  aimulations.  The  affooto  of 
different  inputo  in  tha  form  of  traffio  uamplos  con  bo  thoroughly  dofinod.  Tho  offeots  of  each  variablo 
within  the  systom  on  tho  traffic  oomplon  can  bo  studied  in  turn  and  in  combination,  so  that  thoso  with 
the  largest  offeots  oan  bo  pinpointed,  and  thoir  moot  oritioul  condilionu  dofined.  Variables  can  then, 
if  required,  be  put  in  an  order  according  to  tho  relative  importunco  of  their  effocto  on  tho  system. 

Fast -ti mo  simulation  can  bo  an  effective  moano  for  narrowing  the  range  of  roal-timo  eimulation 
otudioo,  for  defining  tho  conditions  under  which  ovidoncc  from  renl-timo  simulation  is  nuodod  most,  for 
evolving  traffic  samples  that  will  be  appropriate  for  real-timo  simulation  otixiiou,  und  for  confirming 
many  of  tho  moot  important  measurements  in  roal-timo  simulation.  Bocauso  fast-time  simulation  cun  bo  a 
highly  effective  moons  for  demonstrating  the  offeots  of  oaoh  puraraotcr  on  the  uyotem,  and  for  disentangl¬ 
ing  its  effacts  from  thouo  of  other  parameters,  it  can  provide  a  framawork  for  tho  interpretation  of 
the  real-timo  simulation  studies,  and  may  be  helpful  in  traoing  tho  true  origins  of  offnctu  obuorvnd 
in  real-timo. 

Although  oooouional  attompts  to  link  roal-timo  and  foot-time  eimulation  otudioo  in  air  traffic 
oontrol  ronoaroh  and  development  liavo  boon  mode,  and  tho  dogreo  of  agi-oomont  botwoon  thorn  lias  boon 
established  for  cortain  measures,  novortholoos  muoh  oumoet  extolling  of  tha  benefits  from  olooor  links 
between  roal-timo  and  foot-time  simulation  has  not  in  fact  otrongthonod  tho  links  botwcon  them.  The 
potential  for  mutual  bunofits  from  rolating  real-time  and  fsst-timo  simulation  remains,  uspeoially  if 
oaoh  is  used  in  uupport  of  the  othoq  and  faot-timo  simulation  is  not  treated  merely  ob  a  routine 
proouroor  of  real-time  simulation. 

16d  Al/i'KliNA'l'IVK  Tl'lCHNIQUKi 

Tho  dominance  in  air  traffio  oontrol  rouoaroh  and  duvolopmont  of  evaluations  using  real-time 
simulation  has  ourtailad  other  techniques  even  mor"  tiuin  fant-tiine  eimulation,  ofton  to  tho  dotnmont 
of  tho  roal-timo  eimulation  studios  thomoolvoo.  Other  tcohniquns  oan  bo  catogoriood  as  experimental 
or  non-exporimontal.  lioal-timo  simulation  belongs  within  a  oontinuum  of  oxporimontal  tochniquoo, 
ranging  from  paper  and  ponoil  stuiios,  through  oimplo  laboratory  studios,  dynamio  exponmonts  and  real¬ 
time  simulation,  to  field  otiKlioo  of  real-life  air  traffic  control. 

Paper  and  ponoil  studios,  with  a  minimum  of  apparatus,  oon  moasuro  human  capabilities  and 
limitations  in  a  direct  way  for  cortain  functions.  In  thoso  studios,  man  is  inoauureu  separately  from 
any  man-machine  system.  This  provides  uuoful  basic  inforniation  on  wliat  he  can  do  when  unassisted  by, 
or  unimpoded  by,  oquipmont.  Simple  laboratory  studios  may  not  3oparato  man  from  equipment  quito  so 
□  uocoenfully,  but  still  convoy  tho  benefits  of  stringent  oontrol  over  experimental  variables  and  con¬ 
ditions.  Thoso  studios  indioate  tho  kinds  of  pqrcoptual  .-judgments  or  information  processing  of  which 
tho  man  is  capable  bofore  or  alter  training.  Thoso  paper  and  poncil  und  laboratory  studios  indioato 
what  man  can  do  with  ooae,  and  what  ho  cannot  do  at  all.  They  may  also  dcl'ino  intermediate  conditions 
within  whioh  individual  difforoncoe,  training,  skills,  exporionee  or  particular  abilities  or  aptitudoo 
may  bo  critical.  Tho  findings  from  these  utiktics  cun  sot  limits  on  what  should  bo  attempted  in  more 
ambitious  evaluations.  They  can  provido  a  porspoctive  for  interpreting  findings,  and  support  an 
explanation  of  oonolusions. 

Uynamic  experiments  are  essential  whore  significant  aupocts  of  the  task  itself,  as  in  a  tracking 
took,  are  thomsolvco  dynamic.  Thoy  mark  tho  onsot  of  tho  problem  whore  the  respective  contributions  of 
man  and  machine  cannot  bo  wholly  separated,  und  tho  man-muohine  sub-oyotom  constitutes  the  omnllost 
readily  measurable  entity  in  terms  of  input  und  output.  In  dynamio  experiments,  ono  man  may  be  substi¬ 
tuted  for  another,  or  ono  machine  for  another,  and  measured  changes  in  output  aro  asnumod  to  be  caused 
by  whichever  substitution  lias  takon  place,  but  often  thin  has  not  actually  been  proved.  Itynamic  studies 
can  also  sat  a  task  in  its  context.  Ao  thoy  gain  in  complexity,  control  ovor  variables  becoinoo  confined 
more  to  tho  inputo,  and  there  is  a  groator  need  to  moaouro  nut  only  inputs  and  outputs  but  other 
intervening  stator,  and  aotiono  that  may  help  to  trace  and  explain  what  is  happening  and  how  differences 
in  output  originate  and  develop.  With  roal-timo  simulation,  tho  systom  has  become  dynamic  and  inter¬ 
active:  participants  oan  initiate  actions  ao  woil  ao  respond  to  them,  and  control  ovor  variables  is 
confined  to  the  inputs  and  to  constraints  within  the  Dystem  that  curtail  cortain  optionB.  Measurement 
must  be  an  inherently  passive  process,  rccoraing  what  takes  place  and  not  prejudging  tho  categorisation 
of  events.  With  field  studios,  control  ovor  inputo  is  generally  loot  also,  and  their  measurement 
becomes  a  mat  tor  of  passive  recording.  Pro judgment  of  thu  classification  of  ovonto  may  be  attempted  but 
may  not  in  fact  prove  to  bo  adequate. 

In  general,  tho  moro  preparatory  oxporimontal  work  with  simpler  techniques  that  precedes  tho  real¬ 
time  simulation,  tho  more  precisely  the  aims  of  the  simulation  can  bo  focussed,  the  moro  tho  scaJo  of 
the  simulation  can  be  reduced,  and  tho  clearer  and  more  ineightful  tho  interpretation  of  tho  findings 
can  become. 
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A  further  group  ol'  non -experimental  techniques  can  bo  omployed  in  air  traffic  oontrol  roooarch  and 
douolopmont.  The  planning  of  systems,  thoir  functions  and  tho  tasks  within  them  requires  logical  analyoic 
and  description.  Prom  system  objootivos.  broad  job  descriptions  (gradually  evolve,  and  from  theuo  took 
analyoca  and  oynthoses.  Many  of  tho  human  faotora  problems  to  be  resolved  during  air  traffic  control 
research  and  development  can  bo  derived  from  this  procedure.  Eaoh  evaluation  using  real-time  simulation 
is  also  ovolved  from  it.  Tho  process  of  conducting  on  evaluation  ie  itself  a  very  offeotive  stimulus 
to  plan  all  the  procedures  and  ini  iruotiona  in  fino  detail.  In  real-time  simulation,  tho  functions 
studied  are  confined  to  those  pla-ined  and  provided  for  at  eaoh  simulated  workspace.  Detailed  briefing 
notes  covering  evory  l'ore3eoablo  eventuality  and  funotion  have  to  be  written.  It  is  a  commonly  expressed 
opinion  that  by  tho  time  tho  real-time  simulation  is  ready  to  begin,  most  of  tho  answer’s  that  it  will 
provide  are  known  from  tho  detailed  planning  and  thinking  noedod  to  sot  up  tho  simulation.  It  might  bo 
highly  instruotivo  actually  to  test  the  validity  of  this  opinion  by  unking  thoso  meet  intimately  con¬ 
cerned  with  the  planning  of  tho  real-time  simulation  to  predict  it3  outcome  just  before  it  begins. 

Since  it  is  tho  building  and  conduct  of  tho  simulation  that  are  so  expensive,  rather  than  tho  planning 
of  it,  perhaps  many  rosearoh  and  dcvolopmont  purposon  could  bo  fulfilled  if  ull  tho  planning  stages  for 
a  real-time  simulation  woro  followed  but  tho  simulation  was  not  actually  built  and  conducted.  Much  more 
than  is  ofton  roaliood  can  bo  learned  from  tho  disciplined  detailed  logical  comprehensive  planning  that 
is  the  essential  precursor  of  any  real-time  simulation,  where  the  suocess  of  the  simulation  dopends 
largely  on  tho  thoroughness  and  prescience  of  that  planning. 

Closely  rolatod  to  fnst^tims  simulation  is  modelling,  which  is  tho  process  of  representing  tho 
syutem  in  irat  ho  statical  terms,  A  faat-tiina  simulation  normally  uses  a  model  of  the  system.  In  the  uamo 
way  as  much  usoful  information  can  bo  lonmed  from  tho  process  of  planning  a  real-time  simulation,  so 
much  useful  information  can  bo  gainod  for  fast  -time  simulation  from  the  proooss  of  model  building.  Tho 
interaction  between  the  modal  und  its  usage  for  fast-time  simulation  is  dynamic:  the  findings  of  the 
simulation  reflect  tho  adoquaoy  of  tho  modoli  they  can  also  bo  used  to  improve  or  ulter  tho  model. 

Many  hypothouos  for  utudy  in  air  traffic  oontrol  rosearoh  dorivo  from  observations  or  exporionco 
in  operational  systems,  and  from  field  studios  in  which  some  of  those  observations  are  made  under  moro 
formal  and  defined  conditions.  Occasionally  whon  a  major  change  in  an  operational  system  iu  mudo,  the 
resultant  opportunity  for  diroot  comparisons  betwoen  the  original  and  roviued  syotoms  oon  be  seized,  from 
those  comparisons,  tho  findings  from  real-time  simulation  rosy  somotimoo  bo  voril'iod,  any  unforeseen 
learning  difficulties  can  be  identified,  and  any  unwanted  interactions  bntuoon  the  use  ol'  the  old  and 
the  now  system  are  revealud.  Much  comparisons  may  bo  more  useful  for  roueuroh  and  development  purposes 
tlian  for  operational  onus  however,  boaauso  the  controllers  are  much  loss  familiar  with  tho  revised 
systam  than  with  tho  original  ono,  and.  diroot  comparisons  botwoon  the  two  in  human  factors  tormo  may 
lead  to  premature  conclusions  that  prove  ill-founded  in  the  light  of  further  oxporionco  with  tho 
ravioed  ayutem. 

A  further  alternative  taclmiquo,  not  muoh  uuod  oithor  in  human  factors  air  traffic  control  research 
or  in  operational  oystomo,  is  tho  case  utudy,  a  dotailod  examination  of  a  particular  Berios  of  events 
as  on  inotanoo  of  a  moro  gonoral  category.  Tho  case  study  cannot  itaoif  yiold  findings  that  can  bB 
treated  as  ooionti fioally  valid  and  universally  applicable  in  their  own  right,  but  au  a  technique  it  can 
nevorthcloso  bo  highly  produotivo,  both  in  identifying  topics  that  Bhould  bu  tho  nubjeot  of  l'urthor 
research  and  development  and.  in  indicating  appropriate  measures  if  those  topics  aro  studied  experimen¬ 
tally.  This  and  the  other  techniques  mentioned  aro  not  so  much  altomativou  to  real-timo  simulation  as 
techniques  whioh  cupport  it  und  re  fino  it,  and  can  make  roal-timo  simulation  studios  in  air  traffic 
oontrol  rosearoh  and  development  more  productive  und  leer,  amorphous,  because  they  liavo  boon  foououod  on 
tho  moot  oouentiul  iuouos. 

Hie  Till';  1 1MJTI  RIO  ATI  ON  Ol’’  IlKUlVANT  MEAbllHiiS  AND  VAItIAJ3USS 

Many  measures  mentioned  in  the  previous  chapter  aro  suitable  for  air  traffic  control  research  and 
dovclopmonti  some  are  seldom  employed  in  any  other  air  traffic  control  context.  The  identification  of 
measures  does  not  normally  present  difficulties.  Tho  appraisal  of  their  relevanoe,  and  tho  judicious 
selection  of  the  most  appropriate  group  of  measurements  from  the  vory  largo  number  avai  lablo,  require 
the  human  faotora  specialist  to  use  his  skills  and  judgmont  to  the  full,  since  the  l'indingn  of 
research  and  development  work  may  be  critically  dependent  on  tho  correct  choice  of  measures,  particularly 
to  ensure  that  no  vital  aspect  has  been  forgotten. 

Prom  the  objectives  of  each  air  traffic  oontrol  research  or  development  programme,  tho  measures 
noeded  to  meet  those  objeotive  can  be  opeoifiod.  A  major  practical  problem  iu  to  ensure  that  tho 
objectives  themselves  are  not  so  narrow  that  essential  information  remains  unmeasured.  When  re3oaroh  and 
development  doal  with  soino  innovation  or  advance,  there  is  almost  inevitably  some  uncertainty  about  the 
full  range  of  relevant  variables.  In  particular,  tho  claimed  benefits  or  expected  improvements  which 
form  the  rationale  for  the  research  and  development  itself  are  liy pothesi  sod  in  advnnoo.  Part  of  tho  role 
of  human  factors  is  to  advise  on  measures  to  make  them  explicit  and  quantify  thorn,  to  ensure  that  as  far 
an  possible  expectations  about  them  will  be  realised.  The  sponsors  of  the  work  will  bo  keen  to  see  this 
done  and,  if  u  technological  innovation  is  involved,  its  proponents  will  be  eager  to  ensure  that  those 
benefits  which  they  believe  it  will  bring  are  thoroughly  demonstrated  by  the  best  moasui'ou  of  appropriate 
variables . 

The  human  factors  specialist,  seeking  a  moro  balanced  view,  may  suggest  furthor  measures  designed  to 
explore  tile  implications  of  tho  innovation  more  fully  ami  extensively  throughout  the  system  or  sub¬ 
system,  or  designed  to  discover  whether  the  innovation  also  bringu  disadvantage!)  and  to  quantify  those 
and  the  benefits  with  oqual  thorouglmess .  He  is  also  anxious)  to  obtain  the  earliest  possible  hints  of 
any  human  factors  problems  that  an  innovation  may  introduce,  so  that  he  can  find  out  more  about  thorn  and 
form  judgments  about  furthor  research  that  may  be  neodod  and  about  moons  whoreby  tho  difficultleo  might 
be  overcome. 

A  result  of  this  approach  is  tho  ;  the  human  factors  specialist  can  be  construed  by  others  as  con¬ 
sistently  opposed  to  any  innovations  because  hn  queries  them  and  is  not  willing  to  tane  thoir  benefits 
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on  trust  without  evidence  and  because  lie  ie  apparently  looking  f or  sources  of  error  and  difficulty  in 
than,  He  interprets  tills  as  an  attempt  to  be  fair  minded,  knowing  that  the  potential  benefits  of  an 
innovation  are  likely  to  have  boon  explored  with  more  thoroughness  than  its  potential  disadvantages.  The 
onus  of  proof  is  on  the  human  faotors  specialist  to  explain  to  others  what  he  is  trying  to  do,  and 
particularly  to  demonstrate  that  ho  is  not  biased  but  merely  trying  to  be  impartial.  If  he  doea  not 
adopt  this  stance,  no-one  else  may.  Ho  should  be  able  to  spot  some  at  least  of  the  potential  sourcos  of 
error  that  an  innovation  brings,  and  ensure  that  measures  are  included  to  ascertain  whether  or  not  he  is 
correot. 

If  a  change  is  being  proposed  to  tiy  and  reduce  the  errors  from  a  particular  source,  such  as  phonetic 
confusions,  errors  arising  irom  a  koyboard  layout,  or  errors  oharaoterietio  of  a  typo  of  input  device, 
his  role  is  to  help  to  achievo  and  quantify  this  reduction  if  it  is  present.  With  existing  equipment, 
the  main  error  sources  are  known  or  at  least  suspected.  Comparable  knowledge  of  tho  errors  that  new 
equipment  may  bring  does  not  exist;  such  error  sources  must  not  only  bo  quantified  but  also  discovered 
during  the  rosearch  and  development  programme  if  they  are  present.  This  implies  tho  introduction  and 
use  of  spooially  tailorod  human  factors  moauuros  for  new  suspected  error  sources.  Some  of  theoe  measures 
may  not  have  been  used  before  but  are  ohosen  because  they  are  appropriate  for  the  innovation.  Tho  human 
factors  specialist  may  then  go  on  to  advise  on  how  comparisons  between  different  kindB  of  error  (o.g. 
phonetic  confusions  in  speech  versus  visual  misreadings  of  displays)  should  be  made  to  bo  as  fair  as 
possible . 

In  uir  traffic  oontrol  research  and  development,  tho  familiar  problomo  of  reconciling  apparently 
contradictory  findings  from  different  measures,  of  interpreting  tho  results  of  different  mo  on  urea  in 
relation  to  caoh  other,  and  of  decided  the  most  uuitabie  weightings  fordifforont  kinds  of  oviaenoe  have 
to  bo  rosolved  8y  .  Liinco  tho  difficulties  are  inherent  in  tho  nature  of  different  measures,  no  now 
problems  normally  arise  in  research  und  development  that  cannot  occur  elsewhere,  liaspite  these  customary 
obstaolou  to  tho  integration  of  different  measures,  it  is  ndvisublo  in  rosearch  and  development  whorovor 
possible  to  employ  more  than  one  kind  of  human  factors  maaauis,  because  tho  risk  is  high  of  obtaining 
seriously  distorted  and  limited  findings  from  toe  narrow  a  range  of  evidence. 

It  can  bo  diffioult  to  convinoe  o thorn  that  sometimes  peripheral  or  apparently  trivial  measures  may  be 
most  sonsitivo  in  air  traffic  oontrol  oontoxtu.  This  appliou  particularly  to  measures  of  capaoity,  work¬ 
load,  and  similar  notions,  whore  tho  validity  of  any  measure  is  unlikely  to  be  improaeivo  in  any  case. 

Because  many  air  traffic  oontrol  tasks  can  to  some  oxtent  expand  to  fill  tho  time  available  and  contract  when 
time  is  short,  and  bocauso  many  functions  can  be  postponed  for  a  time,  omitted  temporarily,  or  fulfilled 
in  an  abbreviated  form,  tho  mout  fundamental  measures  of  task  performance  may  show  very  little  as  loading 
is  increased.  <>io  approach  to  this  is  to  consider  those  i-ovioions  of  taotioo  as  thumnolvco  indices  of 
loading57  ,  Anothor  is  to  m  asuro  carefully  those  peripheral  actionu  tliut  con  be  dispensed  with,  to  uue 
whon  tliay  are.  In  heavy  loading,  the  least  important  aspects  of  air  traffio  control  tauks  are  affeotod 
first.  Those  therefore  mny  constitute  tho  mout  sonsitivo  measures  of  loading,  and  thoy  may  have  to  be 
moasurod  with  most  oars.  It  con  puazlo  other  people  when,  for  thiB  reason,  tho  human  factors  specialist 
appears  to  spend  a  disproportionate  amount  of  timu  carefully  examining  measures  of  trivia.  Nevertheless, 
for  some  research  and  development  purposes  in  uir  traffic  oontrol,  this  can  be  a  sonuible  approach. 

16f  THE  IUI  LI  ABILITY  ANB  VALIDITY  Of  EVIDENCE 

The  value  of  evidonco  depends  on  itu  reliability  und  validity,  lieliability  roforB  to  consistency, 
oithar  internal  conoiutonay  in  tliat  a  measure  is  always  measuring  the  same  thing,  or  repeatability  in  the 
oonso  that  if  something  is  measured  again  with  tho  same  moociu'o  tliB  reoult  will  bo  tho  same.  Validity 
dopondo  on  whether  a  moacuro  actually  docs  moauuro  what  it  purports  to  moauuro. 

Human  factoro  evidence  varies  groat fy  in  both  reliability  and  validity.  Normally,  validity  is  the 
greater  problem,  lioliability  con  bo  established  by  studying  tho  measure  itself;  validity  noodc  somo 
independent  oxtcrnul  oritorion  which  must  itself  pcososs  both  reliability  and  validity.  In  air  traffio 
control,  such  criteria  can  be  difficult  to  find,  and  their  own  validity  may  bo  suspect. 

These  problems  are  serious  whon  air  traffic  oontrol  is  moasurod  diroctly.  In  research  und  develop¬ 
ment  work,  there  is  the  additioni.l  problem  of  extrapolating  from  the  controlled  und  opooifiod  conditions 
of  on  evaluation,  simulation  or  laboratory,  to  roal-lifo.  A  notorious  source  of  unreliability  concerns 
traffio  samplon  used  in  air  traffio  oontrol  research  and  development.  Even  when  thoy  havo  boon  equated 
on  all  known  major  dimensions,  they  may  still  not  be  of  equivalent  difficulty  when  used  in  a  real-time 
simulation.  It  is  uncertain  how  difficult  they  would  bo  in  roai-lifo.  A  measure  that  is  consistent,  and 
therefore  reliable  in  ovaluatlone,  may  not  yield  tho  same  results  in  real-life,  and  its  validity  oo  a 
measure  of  real-life  conditions  dooroosos  as  the  magnitude  of  tho  discrepancy  between  the  results  under  roal- 
life  and  simulated  conditions  inaroasos.  Thus  air  traffio  oontrol  resoaroh  and  development  bring  extra 
problems  of  reliability  and  validity  of  data. 

A  major  human  factors  contribution  is  to  advise  on  the  reliability  and  validity  of  human  factors 
evidonco,  findings  and  conclusions,  and  to  aot  accordingly  in  that  tho  persistence  and  confidence  with 
which  human  factoro  recemraendatione  are  made  should  reflect  tho  reliability  and  validity  of  tho  evidence 
upon  which  thoy  are  based.  The  reliability  and  validity  of  human  factors  data  can  cover  almost  the 
entire  possiblo  range.  Contain  kinds  of  ovidonco  gained  during  air  traffic  oontrol  research  and  dovolop- 
mant  possess  vaiy  iugh  validity  for  real-life  conditions:  examples  ore  reach  and  viewing  distances,  the 
principles  for  fitting  consolo  profiles  to  anthropomotrio  data,  the  oharaot eristic  types  of  error 
associated  with  well-known  data  input  dovices,  or  the  advorse  effeots  of  gross  departures  from  tolerable 
physical  ar.d  environmental  conditions  on  performance.  Other  kinds  of  evidonco  from  resoaroh  and  develop¬ 
ment  conditions  may  possess  poor  validity  for  real-life;  examples  are  offeots  of  emotional  state  on 
performance,  tho  role  of  poor  prossuro,  responses  to  emergencies,  or  subjeotivo  assessments  of  boredom. 
Perhaps  xho  most  awkward  kinds  of  evidence  concern  measures  where  validity  ie  thought  to  be  high  and  in 
fact  nay  be  low:  examples  are  syotom  capacity,  maximum  tolorable  task  demands,  workload,  and  many 
moasuros  and  procedures  used  in  soloction.  Another  awkward  category  concerns  mpalatablo  findings  whore 


the  measure a  are  blamed  for  the  absence  of  expootod  evidence,  although  tho  measuroG  may  in  faot  be 
quito  valid:  examples  are  stuiios  of  tho  offsets  of  stress,  of  work-rest  cycles,  and  of  nleop  patterns 
on  air  traffic  control  offioionqy  and  safety. 

Although  a  groat  doal  of  human  factoro  guidance  can  be  givon  on  the  reliability  and  validity  of  moat 
measures  of  the  controller  used  in  air  traffic  oontrol  rscoarch  and  development,  and  indeed  measures  of 
uncertain  value  should  not  bo  omployod  if  they'  con  bo  avoided,  it  is  essential  to  try  and  establish  tho 
reliability  and  validity  of  moaauroo  wherever  posoiblo,  rathor  than  merely  use  them  and  hope  that  thoy 
are  what  they  seem.  Tho  wholo  issue  of  tho  validity  of  human  factors  evidenoo  in  air  traffio  oontrol 
dooervos  far  more  attention  than  it  has  reoeivod.  Sooner  or  lator  two  main  problems  will  havo  to  bo 
faced  and  resolved.  One  concerns  the  quantification  of  the  validity  for  roal-lifo  conditions  of  tho 
findings  from  opooific  air  traffio  oontrol  measures  when  used  in  evaluations.  The  other  concerns  the 
derivation  of  highly  valid  criterion  measures,  tho  quantification  of  thoir  validity,  and  tho  speoifica- 
tiono  of  conditions  loder  which  thoir  validity  io  impaired.  Tho  low  or  uncertain  validity  of 
independent  criterion  measures  ourrontly  ensures  that  tho  validity  of  many  other  measures  remains  low, 
and  therefore  constitutes  tho  greator  problem. 

16g  THIS  1NKSHPHETATKW  AND  DISSEMINATION  OB'  BINDINGS 

An  evaluation  or  simulation  io  of  praotical  use  to  the  extent  that  its  findings  are  implemented  or 
influence  events  and  decisions.  It  must  bo  oountod  as  a  humsn  factors  failure  that  many  of  its  findings 
havo  been  inadequately  publicised  in  the  past,  and  that  thoir  influonoo  iB  often  difficult  to  trace.  A 
roport  of  auoh  ovaluatidfc  io  routinely  written  for  its  sponsors.  Tho  human  faotoro  contributions  aro 
normally  incorporated  in  the  routine  report,  and  their  relative  oignifioanoo  varies  greatly  acoording  to 
the  objectives  of  the  evaluation  and  the  legitimate  role  of  human  faotora  in  it.  In  the  few  inotanoos 
where  tho  human  factors  contribution  io  tho  major  ono,  tho  report  may  bo  substantially  concerned  with 
human  faotoro,  or  a  human  faotors  supplement  to  it  may  be  isaiud.  These  routino  reports  should  inolulo 
tho  human  faotors  interpretation  of  tho  findings,  as  well  on  the  findings  themselves.  This  interpreta¬ 
tion  should  go  some  way  boyond  the  findings,  and  oonsider  aspects  such  as  their  generality,  possible 
thoorctiottl  implications,  permissible  extrapolations  boyond  the  striot  confines  of  the  evaluations,  and 
further  issues  that  havo  oomo  to  light  during  the  evaluation  but  not  boon  resolved  by  it.  In  gonoral, 
the  human  faotoro  specialist  makes  tho  boot  use  ho  can  of  his  professional  knowledge  to  promote  tho 
objectives  of  tho  evaluation. 

Often  the  diusoraination  of  findings  ends  thoro.  Tho  report  has  a  limited  offioial  distribution  and 
is  porfiapu  also  sent  to  a  few  professional  ool leagues.  Even  this  does  not  always  happen,  oithor  bocauso 
the  human  faotors  specialist  has  no  inclination  to  publicise  his  findings  furthor  or  bocauso  the 
organisation  for  which  he  works  diucouragoa  widor  publication.  Some  aooounts,  even  of  quite  rooont 
work,  uoem  to  vanish  without  trace  or  their  sourcoo  roraam  voiy  obscure  so  that  the  Btandard  methods 
sot  up  by  librariou  and  other  agendas  for  information  retrieval  often  fail  to  find  them. 

Even  reaoorch  and  uevelopment  work  on  an  abandoned  air  traffic  oontrol  system  may  have  human  factors 
internet,  particularly  if  the  findings  are  relatod  to  thoGO  of  other  studies .  If  findings,  including 
failures,  are  not  widely  known,  a  body  of  human  faotora  evidonoo  cannot  aocumulato,  and  opportunities  to 
generalieo  findings  aro  lost  bocauso  thoir  gonorality  nuvor  becomes  apparent.  tSomotimoa  it  roport  on  on 
ovuluation  or  on  contracted  work  taken  yours  to  appoar,  for  reasons  which  romain  totally  obscure.  Thoy 
cannot  he  expluinod  by  tho  contonta  of  the  report  when  it  finally  appears,  but  look  like  bureaucratic 
pussyfooting.  After  such  a  protracted  delay,  findings  havo  often  lost  much  of  the  interest  and 
practical  value  thoy  ever  laid. 

Such  dolayo  in  tho  dissemination  of  information  are  not  in  the  interests  of  rocoarch  and  dovolopmont 
particularly  since  human  footers  oxportiso  is  in  short  supply  and  many  human  faotorB  problems  in  air 
traffic  oontrol  originato  from  technical  innovations  and  therefore  aricc  in  covoral  countries  in  similar 
form  at  about  the  uomo  tiroo.  Evoryono  can  benofit  when  findings  aro  widely  and  quickly  publicised.  This 
can  help  to  avoid  unnocosaury  duplication  of  oi'fort  within  the  limited  human  factoro  resources  that  oxict 
and  ensure  that  everyone  oonoemod  with  human  factors  in  air  traffio  control  research  and  development  has 
the  wideot  posuiblo  knowledge  of  all  relevant  work,  not  only  in  terms  of  findings  but  also  in  terms  of 
methods,  not  only  in  rotation  to  successes  but  aloo  to  failures.  Conclusions  that  cannot  bo  drawn  from 
any  single  evaluation  may  oft on  bo  drawn  from  a  series  of  evaluations  beoauso  they  can  bo  seen  to  bo 
general.  Appraisals  and  roviewo  can  be  of  great  value  to  others,  providod  that  thoy  reach  a  wide  reader- 
ship. 


Tho  human  faotors  specialist  should  not  taka  it  for  granted  that  othorG  know  and  understand  hiB 
findings  and  achievements.  He  must  bo  prepared  to  explain  hiB  methods  and  conclusions,  and  thoir 
significance.  This  entails  the  dissemination  of  his  findings  not  only  in  tho  human  factors  literature 
but  aloo  in  professional  air  traffic  control  literature  and  in  the  professional  journals,  conferences, 
and  gatherings  of  other  disciplines  with  which  he  collaborates.  It  con  be  difficult  for  the  human 
factoro  specialist  to  find  time  for  such  activities,  but  they  are  a  vital  aspect  of  interdisciplinary 
collaboration  and  tho  human  factors  spocialist  who  attends  intordisciplinary  gatherings  loams  a  great 
deal  os  well  as  teaches,  Tho  human  factors  specialist  who  purports  to  know  something  about  learning, 
knowledge,  mo  mo  ry  and  tho  acquisition  of  information  should  use  this  knowledge  tc  inform  others  of  what 
he  does  and  to  set  up  more  offioient  means  for  the  organisation  and  dissemination  of  his  own  professional 
work. 
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CHAPTER  17 

ADDITICHAL  FUNCTIONS  WITHIN  THE  AIR  TRAFFIC  CCWTROL  SYSTEM 


17a  GATHERING  RATA 

Almost  all  tho  human  factors  work  in  air  traffio  control  has  concerned  controllers.  There  are 
further  human  functions  within  tho  air  traffio  control  system  to  which  human  factors  principles  should 
bo  applied.  A  few  of  those  are  indicated  briefly  in  this  chapter.  Tho  aim  is  to  draw  attention  to  them 

rather  than  to  provide  full  details  about  them. 

Many  people  ura  employed  in  air  traffio  control  to  gather  and  Gustain  tho  data  on  whioh  the  uystom 
and  tho  controllers  depend.  An  air  traffio  control  Byatcm  may  gather  data  from  various  sensors  and  aidR, 
from  aircraft,  from  automated  computations,  from  controllers,  from  external  agonoios  3uoh  as  meteoro¬ 
logical  offices,  and,  in  tho  future,  from  satellites.  Those  sources  of  data  havo  to  be  reconciled  and 
integrated.  Although  data  are  gathered  for  many  purposes,  suoh  no  to  meet  legal  requirements  or  update 
tho  information  stored  in  a  computer,  tho  main  human  factors  inioroBt  is  with  the  data  that,  directly  or 

indirectly,  are  intonded  for  usa  by  a  man  in  the  performance  of  hia  tasks. 

Because  air  traffic  control  uyotoms  are  complex,  they  tend  to  overflow  with  data.  The  gathering  of 
all  available  data  can  apparently  become  an  end  in  itself,  and  its  uBago  oocondary.  'Yu;  example 
concorna  data  on  system  faults  und  serviceability,  whore  every  alight  occurrence  is  punctiliously 
recorded  with  little  hoed  to  tho  reaaone  for  doing  uo  or  tho  praotical  value  of  suoh  a  voluminous  un¬ 
structured  record,  whioh  as  it  stands  may  be  unuaablo  by  the  man  for  any  purpose.  To  record  end  print 
out  every  fault  in  chronological  order  moans  that  vital  items  cun  be  lost  in  a  welter  of  trivia,  and 
long-term  trends,  such  as  the  gradually  increasing  inoidenoo  of  a  particular  kind  of  fault,  may  be 
impossible  to  spot  by  inspootion  of  the  printed  record.  This  might  not  matter  so  muoh  if  logical  and 
comprehensive  facilities  for  selective  data  retrieval  wero  also  available,  through  a  well  designed  man- 
machine  interface  or  by  other  moans,  but  because  data  gathering  hao  often  Doomed  more  important  than 
selective  data  retrieval,  suoh  facilities  may  be  lacking.  Muoh  of  the  point  of  gathering  data  is 
negated  if  they  cannot  be  found,  retrieved  and  used.  Ideally,  it  should  be  possible  at  every  rolovant 
position  in  tho  system  to  retrieve  eeiectivo ly  any  data  needed  for  tho  effioient  performance  of  the 
tasks  dono  thora,  in  a  form  and  at  a  level  of  detail  suitable  for  immediate  uoo  for  tlioue  tasks.  The 
logic  of  tile  maii-maohiue  interface  ohould  enable  the  man  to  deduce  cacily  and  correctly  whal  ho  must  do 
to  obtain  the  solootod  relevant  data  about  any  pertinent  question,  even  one  that  he  lias  never  had  to  aek 
before.  This  applies  to  tho  interface  for  tho  controller:  it  is  oven  more  vital  for  those  who  monitor, 
test,  calibrate,  maintain  the  integrity  of,  repair,  or  replace  tho  hardware  or  software  of  tho  uystom. 

Those  who  work  behind  tile  scenes,  as  it  wore,  in  air  traffio  control  need  the  same  general  ergonomic 
advice  about  thoir  workspaoe,  its  layout,  lighting  and  physical  environment  as  is  provided  for  tho 
controller.  Thair  furniture  must  moot  ergonomic  requirements,  with  all  controls  within  reach,  and  dis¬ 
played  information  oloarly  visible  and  at  the  most  appropriate  level  of  detail.  Tho  same  prilioiploa, 
though  not  tliu  same  detailed  solutions,  apply  to  general  wall-mounted  displays,  to  mimio  diagrams,  and 
to  other  ways  of  depicting  tho  uystem  for  purposes  of  checking  and  maintaining  its  integrity  and 
reliability,  and  of  ensuring  that  tho  data  that  should  bo  gathered  are  gathered.  Visual  and  postural 
problems  for  operators  must  bo  avoided.  If  a  maintenance  job  is  peripatetic,  dials  and  information 
displays  should  be  concentrated  at  or  just  below  head  height,  to  maximise  thoir  legibility,  minimise 
unwanted  parallax  offoots  which  may  lead  to  errors  when  they  aro  read,  and  eliminate  unnecessary  stooping 
or  stretching  as  tho  man  takos  readings  or  makes  viBunl  chocks  while  ho  moves  about.  The  same  prinoiplee 
of  grouping  information  displuye  to  facilitate  task  performance  and  appropriate  cross  referencing  bntween 
thorn  also  apply.  Tho  typo,  sensitivity  and  location  of  controls  should  bo  optimised  for  the  man's  tasks 
and  functions  in  data  gathering,  system  maintenance,  fault  finding  and  allied  jobs. 

Many  tasks  concerned  with  tho  fmetioning  of  tho  air  traffio  control  system  include  man-computer 
dialogues,  docision  troes,  flow  diagrams,  and  similar  aids  for  obtaining  and  interpreting  information. 

They  too  need  to  bo  optimised  for  human  use,  Tho  general  human  factors  findings  on  these  topics  can 
usually  bo  applied  in  air  traffic  oontrol  contexts.  Work  designed  to  improvo  tho  efficiency  and  reli¬ 
ability  of  oomputor  programming  ia  also  relevant,  especially  that  re  luted  to  the  advantages  and 
disadvantages  of  diffoient  oomputor  languages  in  terms  of  thoir  fitness  for  the  purpose,  the  errors  that 
the  man  oommonly  makes  when  employing  them,  and  tho  amount  of  training  and  experience  that  the  programmer 
needs  to  become  proficient  in  using  thorn.  Principles  to  optimise  mon-eoftwai'Q  interactions  are  still 
being  developed  '31,  but  oomo  are  already  aval  lab.lo,  and  rapid  advances  can  be  expected  which  should  apply 
to  the  writing  and  usage  of  coftwaro  in  air  traffio  oontrol  syDteniH. 

17b  THE  MAINTENANCE  OF  SYSTEM  INTEGRITY 

The  quality  of  tho  controller's  radar  picture  depends  on  the  knowledge,  skill,  competence  and  equip¬ 
ment  of  engineers  who  install  and  maintain  the  radar,  and  keep  it  serviceable  and  optimally  adjusted. 

They  in  turn  have  tasks  of  monitoring,  chocking,  fault  diagnosis,  replacement  and  testing  of  components, 
and  other  functions  that  involve  a  man-machino  interface,  suitable  information  displays  such  a  mimic 
diagrams  and  totes,  appropriate  controls  and  tools,  and  manuals  and  othor  job  aids.  Tho  future  may  bring 
other  sources  of  data,  for  example  derived  from  eatellites  or  computed  from  a  stored  data  base.  Now 
taeks,  skills  and  techniques  may  have  to  be  developed  to  optimise  the  quality  of  the  data  from  these  new 
Houroos,  and  to  provide  sufficient  information  about  the  factors  that  con  affect  quality  to  enable  tho 
tasks  of  optimisation  to  be  achieved.  The  man  needs  some  form  of  visual  or  auditory  feedback  about  the 
adjustments  he  is  making  and  tho  effects  that  they  have,  beforu  he  can  learn  to  make  them  more  success¬ 
fully  and  with  greater  refinement.  It  is  neoeesary  to  present  the  data,  needed  by  the  maintenance  engineer 
and  others  concerned  with  the  intogrity  and  reliability  of  tho  system,  in  a  form  tiiat  is  intelligible 
and  unambiguous  to  thorn,  and  at  tho  correct  level  of  detail  for  their  tasks. 

Tho  efficient  functioning  of  the  air  traffic  oontrol  system  depends  on  the  reliability  of  the  hard¬ 
ware  ooinponont8,  and  on  tho  successful  application  of  the  teohniquos  of  reliability  engineering  to  ensure 
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that  most  vital  components  with  a  known  limited  lire  are  replaced  before  they  fail.  Any  consequences  of 
replacements  of  components  can  then  bo  planned  for,  to  minimise  their  disruptive  offocto  on  the  system* 
Normally  replacements  would  bo  made  at  a  time  of  minimum  traffic  demands  or  when  the  temporary  use  of 
a  standby  system  had  been  arranged  in  advanoe.  The  intention  is  to  minimise  the  occurrence  of  unservi co- 
ability  when  the  system  is  very  busy  and  oan  least  tolerate  the  effects  of  any  uudden  unexpected 
breakdown.  Planned  maintenance  in  the  form  of  replacements  at  known  inturvals  requires  the  testing  of 
the  system  once  replacements  have  been  installed,  but  avoids  much  of  the  elaborato  fault  diagnosis 
procedure,  which  can  be  both  urgent  and  time  consuming  when  a  major  failure  occurs  without  warning  while 
a  system  is  fully  operational  and  handling  heavy  traffic.  With  most  forms  of  planned  maintenance  tho 
system  docs  not  have  to  bo  stood  down  while  faults  are  being  diagnosed. 

Although  there  is  an  acknow lodged  role  for  human  factors  in  reliability  engineering,  it  has  porhaps 
been  too  narrow.  It  has  emphasised  tho  reliability  of  man  aa  a  system  component  when  performing  various 
types  of  task  (a  legitimate  topic  for  otxriy  and  for  human  factors  guidance)  but  has  neglected  the  role  of 
man  in  tho  assessment  procedures  for  establishing  the  reliability  of  the  hardware  components  themselves. 

Yet  the  human  act  of  withdrawing  a  modulo  and  inserting  a  replacement  for  it  may  be  as  important  for  the 
reliability  of  tho  system  as  the  module  itself.  Tho  extent  to  whioh  ergonomic  principles  havo  been 
correctly  appliod  to  tho  design,  visual  coding,  uppoaranco  and  labelling  of  various  modules  lias  a  major 
influence  on  tho  probability  that  the  correot  modulo  for  replacement  is  selected.  Tho  deui/jn  of 
fitments  for  modules  in  relation  to  thoir  phyaioal  dimensions  and  characteristics  also  influoncea 
reliability.  It  can  do to  mine  whether  a  wrong  modulo  can  bo  inserted,  whether  the  act  of  insertion  or 
withdrawal  can  damage  tho  modulo  or  fitments,  whet ho r  the  installed  modulo  oan  be  too  Iuobo  and  make 
inadequate  connections ,  and  whothor  skilled  training  for  tho  corroct  iiandling  of  tho  modulo  is  essential. 

A  lot  of  disoardod  modules  apparently  havo  nothing  wrong  with  thorn*  Tho  disappearance  of  a  fault  whotx  a 
module  is  replaced  may  bo  bocuuso  tho  original  modulo  wau  faulty  or  beoauso  tho  now  modulo  has  not  boon 
incortod  in  quite  tho  same  way  as  tho  original  one  was. 

Ono  of  tho  most  direct  interactions  between  technical,  oervioing  and  maintenance  activities  on  tho 
ono  hand  and  tho  controller^  ability  to  function  efficiently  and  without  urror  on  tho  other  is  in  the 
offocto  of  the  characteristics  of  a  channel  for  vorbal  communication  on  tho  intelligibility  of  tho 
spoken  messages  that  it  convoyo.  Human  faotoru  udvioo  con  indicate  minimum  requirements  that  must  bo  mot 
to  ensure  that  tho  opokon  messages  do  not  become  degraded  no  muoh  that  nafety  and  efficiency  are  affected 
adversely.  Alternatively,  if  those  minimum  requirements  cannot  be  met,  human  factors  advice  can  specify 
the  boat  ways  of  oiroumv anting  thin  limitation  to  ensure  that  tho  intelligibility  of  tho  spoken  informa¬ 
tion  is  maintained  os  well  aa  it  can  be,  by  repetition  and  acknow lodgements,  and  Ly  modifications  to 
content,  format,  pitch,  paoo,  emphasis,  method  of  spooking  and  choioo  of  wording. 

The  way  tho  man,  bo  he  control lor  or  engineer,  troata  tho  system  oan  affeot  its  reliability.  Tho 
conditions  under  whioh  maintononco  is  done  may  affect  its  efficacy  substantially.  From  the  current 
atato  of  knowledge  about  the  effects  of  work-rest  oyolou  on  efficiency,  it  could  woll  bo  that  thoso  effects 
are  greater  for  maintenance  staff  than  for  controllers,  if  the  consequences  of  lack  of  sloop,  extrema 
tirodnoau,  or  gross  disruption  of  circadian  rhythms  aro  moro  likely  to  appear  as  olumainonu,  forgetful- 
noas,  irritability,  and  loos  delicate  handling  of  equipment  than  as  impairments  of  task  performance  or 
as  hazards  to  safety.  Many  of  tho  points  about  boredom,  made  in  relation  to  oontrollors,  apply  with 
equal  or  greater  force  to  maintenance  ataff.  Tho  human  nood  for  some  form  of  activity  or  involvamunt 
may  affect  tho  functions  of  peoplo  concomod  with  data  gathering  and  syutem  integrity  most  acutely. 

A  particular  problem  oan  uriuo  when  a  facility  is  designed  to  function  reliably  for  considerable  per¬ 
iods  whilo  unattended,  yot  io  manned  during  normal  working  hours*  This  oan  apply  for  exumplo,  to  radar 
hoods.  The  grout ur  the  success  in  achieving  tho  objcctivo  of  reliable  functioning  whilo  unmanned,  the 
loos  useful  work  for  the  man  there  is  likely  to  bo  whon  tho  facility  io  manned.  Much  of  the  residual 
work  io  routine  chocking,  maintenance  and  tooting,  whioh,  vital  though  it  is,  con  become  singularly 
unrewarding  as  u  full  time  human  occupation,  particularly  since  some  ourb  must  bo  pluood  on  testing 
activities.  The  aot  of  tooting,  carried  to  excoos,  can  oft  on  become  self-dofoating  or  oven  countor- 
productive,  by  impairing  tho  Gelf-camo  system  reliability  it  is  intondod  to  enhance.  It  is  partly  u 
human  factors  problem  to  dotormino  tho  optimum  role  for  the  mail  so  that  reliability  is  optimised  by  his 
toets  and  ©hacks,  which  maximise  the  probability  tliat  faults  will  bo  detected  and  minimise  the  likelihood 
that  his  activities  will  generate  faults. 

17c  VAULT  FINDING 

In  recent  years,  ono  of  the  moot  dramatic  changes  in  human  roles  in  largo  man -machine  eyutomc  has 
concerned  fault  finding  and  its  relations  to  system  integrity  and  maintenance.  At  one  timo  the  mainten¬ 
ance  of  a  serviceable  fault-free  system  relied  heavily  on  the  skills  and  knowledge  of  individuals  with 
long  experience  of  tho  spool  fio  system  and  its  idiosyncrasies  and  quirk3.  The  abilities  of  these  indivi¬ 
duals  were  often  highly  specific,  and  did  not  transfer  well  to  similar  systems  prone  to  fail  in  differ¬ 
ent  ways.  However  because  of  their  long  experience  they  were  ofton  surprisingly  BUccoeoful  at  diagnosing 
faults  and  repairing  them  or  circumventing  thoir  conoequoncea,  so  that  the  nyotom  romainod  operational. 
Such  a  role  enabled  the  man  to  experience  considerable  pride,  self-tie  teem  and  esteem  from  others,  and  he 
often  identified  himself  closely  with  hie  tasks  and  with  tho  system  itself.  Sometimes  he  came  noar  tu 
interpreting  any  brookdown  as  a  personal  affront.  His  basic  tools  usually  includod  a  moano  to  measure 
electrical  current,  and  a  soldering  iron. 

Such  roles  are  far  removed  from  the  fault  finding  procedures  in  modem  systems.  Tho  skills  and 
knowledge  required  now  are  more  general  and  imperaonal.  They  consist  largely  in  tho  understanding  and 
use  of  standardised  instructions  and  tost  procedures  for  tracing  the  location  of  faults.  It  may  never 
become  ru-cessary  for  the  man  to  understand  much  about  how  tho  system  functions  or  what  its  purpose  is. 

Tho  faulty  unit  or  module,  once  diagnosed,  is  replaced.  It  may  bo  repaired,  but  not  in  situ,  and  not 
usually  even  on  site.  To  diagnose  a  fault  in  a  module  tho  man  may  not  need  to  know  what  the  modulo 
actually  docs.  He  may  have  no  insight  Into  what  caunod  tho  fault  or  tho  probability  of  its  recurrence . 
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lie  hao  far  leas  personal  involvement  in  the  system  within  which  he  works,  but  hiB  abilities,  though 
generally  more  limited,  ai'e  much  more  readily  transferred  to  other  systems.  Since  the  diagnosis  and 
correction  ol'  faults  io  moro  routine  and  less  skilled,  it  may  be  leoa  uatistying  if  tho  uame  people 
continue  to  fulfil  rolus  of  fault  finding  and  maintenance  in  modem  systoms. 

domotimoo  in  maintenance  there  io  loss  forewarning  than  thcro  once  was  of  inoipient  faults  and 
failures.  Just  au  tho  controller's  displays  include  little  qualitative  information  as  a  guide  to  the 
trustworthiness  of  tho  data  presented,  so  the  dieplayo  for  fault  finding  and  serviceability  states  tend 
to  be  quantitative.  They  may  show  two  or  throe  serviceability  otatoa,  or  indicate  that  there  is  or  io 
not  a  fault,  but  givo  little  data  about  gradual  drifts  out  of  arijustmont  or  about  degrees  of  uoriousnean 
in  a  fault.  Tliio  may  be  fair  if  no— mo  regularly  concerned  with  fault  finding  has  sufficient  insight 
into  the  systom  and  its  functioning  to  understand  tho  operational  implications  of  the  qualitative 
information  that  oould  be  presented,  but  if  a  consequence  is  that  many  apparently  sudden  failures  only 
appear  so  because  thara  is  no  way  to  depict  gradual  or  Inoipient  ones  thun  the  common  absence  of  quali¬ 
tative  and  trend  information  for  maintenance  should  bo  reappraised. 

In  fault  finding,  one  characteristic  dilemma  remains,  though  In  loss  uovere  form  sinoe  tho  advent  of 
modern  methods  of  fault  diagnosis.  The  more  oucoeouful  tho  efforts  to  prevent  faults,  tho  fewer  the 
opportunities  to  gain  praotlcal  experience  of  fault  diagnosis,  and  the  lees  tho  fault  finding  work  to  be 
done.  Skill  in  provontativo  maintenance  may  therefore  be  ansooiatod  with  Iona  of  skill  in  fault  finding. 
Tho  faults  that  occur  may  bo  puzzling  because  of  their  rarity,  and  few  people  may  bocomo  sufficiently 
familiar  with  them  to  permit  short-cuts  in  their  diagnosis.  Whilo  in  principle  the  human  tauks  associated 
with  modom  fault  finding  mothods  can  bo  done  efficiently,  tho  relevant  attributes  ana  skills  in  tho  man 
have  altered  so  muoh  that  they  should  be  reflected  in  revised  selection  and  training  prooeduros  for  those 
concerned  with  fault  finding. 

1  V<1  SUt’EKVISIUN 

Tn  air  truffle  control,  as  in  many  large  man-machine  systems,  there  have  traditionally  been  supervi¬ 
sors.  The  supervisor,  who  may  also  be  described  by  various  synonymous  terms,  is  in  charge  of  a  toam  of 
controllers,  for  wh  m  lie  lias  some  rosponsibi  lity .  Tho  oxtoiit  to  which  ho  aotually  parti  ol  patoa  in  tho 
activities  of  the  control  toam  io  determined  partly  by  the  equipment  with  which  he  is  provided,  and  may 
to  some  extent  be  left  to  his  own  diucrution.  Often  he  is  the  most  mobile  member  of  on  air  traffic 
aontrol  team,  and  may  commit  his  follow  supervisors  or  other  controllers  within  tho  same  workspace  by 
talking  to  them  dirootly,  au  well  au  through  formal  oommuni cation  links.  Thors  must  be  some  basis  on 
which  his  additional  reuponsibili ties  as  a  supervisor  rout!  it  may  be  greater  knowlodgo,  exporiunoo, 
ability  or  skill,  aacueu  to  additional  faoilitiou,  participation  in  decisions  at  u  liighur  level,  or 
formally  defined  authority. 

Tho  role  of  uuperviuion  osuantially  relates  to  othur  people  as  distinct  from  equipment.  Its 
feasibility  depends  on  the  toam  structure,  on  the  allocution  of  l'uiotionu  and  equipment  within  the  toam, 
on  the  Information  and  coat ro Is  that  tho  uuporviuor  eon  readily  uuu,  and  on  tho  plyuioal  position  tliat  ho 
occupies  within  the  uuitu  or  workspace ,  Mis  r<’]o  therefore  tends  to  olianga  with  oluuigos  in  manning, 
team  atruoture,  mothods  of  communication  und  equipment.  In  particular  tho  provision  of  various  forms  of 
automated  aunistunoo  to  help  tho  individual  controller  rather  than  a  team  of  controlloru  may  moan  tliat 
tho  supervisor  done  not  have  diract  aaoass  to  oomo  of  tho  aide  that  tlm  oontrolloru  wider  hi  a  uuporvluion 
are  unlng.  Ho  therefore  cannot  uuporvluo  dirootly  and  olfeotl  voly  their  usage  of  these  aids,  and  imiy 
have  to  roly  on  tho  controller's  antiana  and  spoaoh,  and  on  tho  content  ol'  the  controller's  displays, 
to  doduce  the  adequacy  and  appropriatunous  of  the  controller's  actions,  and  to  form  indirect  judgments 
about  his  performance . 

Au  tho  taeku  of  individual  oontrolloru  become  wire  self-contained,  au  toam  uotivitiou  becomo  moro 
fragmented ,  and  as  the  functions  of  tho  controllers  emphasise  paouivc  monitoring  moro  than  uotive 
participation,  so  tho  role  of  tho  suporvlsar  becomes  mire  diffioult  to  sustain  effect  ively,  sinoe  the 
tasks  thomuolvou  gradually  become  losu  umenabln  to  uupsrvioion.  If  the  supervisor  cannot  liavo  dtroot 
knewlodgo  of  all  tho  information  tliat  tho  controller  is  using,  tho  rationale  for  his  effective  inter¬ 
vention  is  severely  curtailed,  and  the  feasibility  of  uuporvluion  becomos  dubious.  Ultimately, 
uuporviuion  in  its  traditional  form  oun  become  impousiblo  in  highly  automated  cystoma,  and  some  plans  for 
ail-  Lruffio  control  loams  rouUocuto  functions  botwoon  the  toam  mombors,  rooast  tho  team  utructuro  arid 
generally  ruduao  the  numboru  in  each  toam,  mid  dispense  with  tiio  supervisor  ullogothor.  Tho  controller 
may  aueumo  certain  supervisory  duties,  but  of  equipment  rather  than  of  people. 

It  docs  not  follow  bocauso  oomoono  called  a  supervisor  iB  prosunt,  tliat.  tho  tasks  of  supervision 
munt  tharofore  bo  poouiblo.  liucocuuful  suporviejon  iB  not  sorsndi pitous  or  a  mattor  of  labelling  but 
the  result  of  careful  planning.  Tho  precise  division  of  responsibilities  between  tho  supervisor  and 
controllers  has  to  bo  clear,  and  thoro  must  be  no  chanco  that  u  vital  aotion  oould  bo  onittad  bocauso 
oach  thought  that  the  other  was  doing  it.  The  supervisor  is  an  intngrul  part  of  the  team  he  is  super¬ 
vising,  and  his  role  must  bo  designed  from  the  outset  as  part  of  the  team  structure.  Equipment  1s 
allocated  to  him  on  the  same  principle  as  to  others,  to  enable  him  to  do  the  tackD  assigned  to  him.  His 
role  can  ba  a  roving  commission  If  it  has  boon  donignod  to  be.  Ho  can  help  to  roliovn  tho  load  on  an 
overburdonod  controller  providod  that  tho  noed  for  this  hau  boon  forssoon  in  tho  design  of  tho  suito  and 
toam  functions.  This  ontai  io  appropriate  provision  of  equipment  and  space  for  tho  supervisor  In  tho 
suite  and  appropriate  task  design  so  tliat  the  supervisor  can  intervene  efficiently,  do  some  of  the 
controller's  tasks  in  parailol,  and  not  cause  duplication,  confusion,  errors,  or  omissions,  or  intorrupt 
or  distract  the  controller  while  ho  in  buoy.  Ch  anmparablo  principles,  the  suparvinor  can  be  designed 
out  of  tho  Gyntom,  providod  that  all  tha  functions  defined  as  essential  for  safo  and  officiant  air 
■•raffic  oontrol,  and  which  wore  lormorly  the  roeponsi bi lity  of  tho  Huporviaor,  can  bo  reallocated 
among  the  momboro  of  a  restructured  control  team,  again  with  clearly  defined  divisions  of  rosponnlbj lltioa 
and  all  tho  required  information  and  equipment  at  oach  position. 
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17c  ASSISTANCE 

Progressive  automation  of  the  air  traffic  control  aystam  may  uffoot  the  roloa  of  the  aoaiGtont  and 
of  the  supervisor  in  quite  uimilar  ways.  Ac  tlic  controller  relico  nrn-o  on  man-machine  rolationa  and 
man-aoftware  relations  tlwn  011  oollaborativo  functions  with  hi3  colleaguoo,  tho  fcaoibility  of  shared  or 
delegated  task3  io  diminished.  The  latter  inhibits  thn  supervisor's  ability  to  pass  on  tasks  to  tho 
controller,  and  limits  tho  controller's  ability  to  pass  on  tasks  to  an  assistant.  Furthermore,  many  of 
tho  traditional  roles  of  assistants  liavo  theinaolvns  boon  changed  by  automation,  or  can  bo.  Most  con¬ 
spicuous  is  the  demise  of  flight  stripe.  Originally  the  assistant  proparod  and  delivered  these  by 
hand;  then  there  wore  automatically  prepared  strips,  still  delivered  by  hand;  now  at  many  control 
positiono  there  are  olootronic  data  displays  containing  tho  equivalent  of  flight  strip  information 
assembled  and  presented  automatically.  Some  of  the  fisiotions  of  the  assistant  in  assembling  data  and  in 
obtaining  information  by  telephone  can  also  yiald  to  moro  automated  means  for  gath'  -  and  presenting 
the  equivalont  information. 

A  furthor  trend  is  for  tho  controller  himself  to  porfortr,  some  funotions  that  could  in  principle  bo 
delegated.  The  oommmost  reason  for  this  is  that  the  controller  taker,  r.o  longer  to  perform  the  actions 
himself  than  would  be  required  to  oxpluin  io  somoono  olso  what  lie  wonted  to  be  done.  If  somocne  olso 
doos  a  delegated  task,  tho  controller  has  tho  additional  task  of  integrating  the  outcome  of  that  task 
into  hiu  own  knowledge  of  what  io  happening,  whoroao  if  ho  performs  tho  task  himself  it  is  alroady 
integrated  uubat/mtially  with  his  other  functions  and  information.  This  lino  of  reasoning  ooomu  to 
apply  to  many  data  entry  tanks.  Tlioy  con  provo  burdensome  to  tho  controller  while  ho  in  still  acquiring 

proficiency  with  a  data  entry  dovicc,  but  onco  full  profioioncy  with  the  davioo  has  boon  aohioved  they 

may  ultimately  bocoino  os  oauy  to  porf >rm  concurrently  with  other  associated  control  tasks  an  spooking 
and  radar  viewing  ura  to  tho  experienced  controller  in  currant  systems. 

The  rolo  of  tho  assistant  clumgon  with  tho  introduction  of  computer  aide,  und  his  functions, 
oonaemod  as  they  often  are  with  datn  presentation,  data  entry,  and  communications  support,  can  be  among 
the  first  to  bo  affected  by  aids.  The  cliongso  that  affect  the  assistant  diroctly  have  .implications  for 
tho  controller  too,  and  do  not  leave  him  itialTootod.  Tho  rols  of  assistant  cannot  bo  ucttlod  in  isola¬ 
tion,  any  more  tluin  tluit  of  thu  ouporvisor  cun  bo.  An  tho  controllor'u  funotions  booemo  nv>ro  solf- 
contuinod  and  autonomous,  effective  moans  of  assistance  ore  more  dil'fioult  to  devise  and  integrate  into 
tho  uyutoin  as  a  whola.  Tho  problem  lino  to  bo  taoklod  in  terms  of  tho  full  air  traffic  oontrol  team, 
and  suitable  roloo  for  assistants,  if  t'.oro  uro  to  bo  any,  must  bo  devised  witlun  tho  framowork  ■<  I'  tho 

team  structure  und  tho  allocation  and  grouping  of  all  functions  among  toom  mombors. 

To  oall  somoono  an  nosiutont  docs  not  guarantee  that  ho  con  assist;  tha  specification  of  suitable 
tasks  for  an  assistant,  tho  provision  of  all  noooosary  means  to  curry  thorn  out  offioiontly,  and  tho 
uuocoauful  matching  of  thoao  tasks  with  thoue  of  all  tho  other  toam  members  msy  do.  pivisiono  of 
roupmaibi  lity  havo  to  bo  oloar.  Tho  tasku  must  all  fall  within  tho  constraints  set  by  tho  assistant's 
more  Umitod  knowledge  and  training,  and  they  should  enable  him  to  develop  and  exuroiuo  skills  at  an 
appropriate  level.  Obviously,  it  la  nonsiblu,  efficient  and  usually  cout-effoctivc  to  dologato  from 
tho  controller  all  possible  tasku,  but  thoro  may  bo  a  penalty  in  tlic  controller's  roduoed  undorutonding 
of  what  is  happening  if  tho  proceuu  is  asrried  toe  far  or  if  tho  uu:iutant'u  duties  cannot  be  matched 
ouooesol'ully  with  those  of  tho  controller.  It  may  also  bo  more  dil'fioult  for  tho  uusiutunt  to  uubucribo 
wholahuartadly  to  ull  tho  profnonioual  norms  and  utundardn  of  air  traffic  control  os  a  profession,  if 
his  job  in  hio  own  eyes  is  peripheral  to  it  rather  thun  wholly  within  it. 
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CHARTER  18 

I'UrURE  TRKMEfci  AHD  PROBLEMS 

Moro  than  ton  yours  ago,  on  attompt  was  made  to  idontify  sorao  nogloctod  human  factors  problems  in 
air  traffic  control”^®.  It  is  dishaartaning  to  discover  how  many  arc  utill  neglected,  although  salutary 
to  ho  reminded  of  how  much  atill  needs  to  he  done.  Tho  futuro  of  human  faotore  work  in  air  traffic 
control  is  difficult  to  predict:  tho  ideal  would  ho  a  gradual  plannod  long-term  expansion  of  effort, 
and  in  somo  countries  this  appoaru  to  ho  tho  intention.  Elsewhere,  thero  aoems  moro  likoly  to  ho  eithor 
a  continual  oall  for  more  human  faotors  work  ooupled  with  a  markod  disinclination  to  finance  it,  or  on 
odiot  tliat  from  henceforth  there  shall  ho  an  immodiato  gross  increase  in  human  factors  work,  a  sura 
gua  ran  too  that  somo  of  it  will  ha  inconipotont  since  tho  numdor  of  truly  experienced  human  faotors 
specialists  in  air  traffic  oontrol  is  far  too  small  to  accommodate  tho  training  commitments  of  ouch  a 
maosive  and  sudden  expansion.  Somo  false  dawns,  innocent ly  naive  proposals,  and  irredeemable  muddles 
ooom  inevitable  oonooquonoos  from  time  to  time  of  tho  apparent  belief  in  some  quarters  that  those  who 
work  only  raroly  on  human  factors  problems  in  air  traffic  oontrol  or  come  fresh  to  them  munt  know  more 
about  thorn  than  those  who  havo  workod  regularly  or  full-time  on  thorn  for  yoern.  As  an  aftermath  of  the 
resulting  disillusionment,  the  specialist  in  human  faotors  in  air  traffio  oontrol  sometimes  has  to  try 
and  pick  up  tho  pieces,  res' ore  tho  good  name  of  his  discipline,  and  demonstrate,  if  he  is  given  the 
chonco,  tliat  human  faotors  work  oan  bo  highly  competent,  good  value,  productive  and  praotioal. 
lAirtunatoly  there  have  been  enough  suooosaful  applications  of  human  faotors  in  air  traffio  oontrol  for 
this  to  be  readily  aemonstratod. 

In  tho  future,  ths  application  of  eetablishod  human  faotors  knowledge  to  solvo  air  traffio  control 
prabloms  should  ho  progressively  expanded,  to  snoompass  not  only  tho  routine  incorporation  of  woll- 
known  solutions  based  on  oxisting  ovidenoe,  but  of  novel  solutions  basod  on  now  ovidenoc  gathered 
boottuso  assumptions  have  been  ohailongad  and  examined  afresh.  One  such  assumption  oonoems  the  alloca¬ 
tion  of  functions  to  man  or  ta  maohiua,  whon  many  principles,  inoluding  safety,  the  origins  of  errors, 
the  maintenance  of  attention,  and  tho  practising  of  skills,  all  Buggest  that  thoro  may  be  advantages  if 
man  and  the  machine  fulfil  the  uamo  functions  in  parallel  independently  wherever  possible.  Another 
assumption  is  that  it  munt  bo  poaoiblo  to  maintain  a  man's  attention  indefinitely  if  only  tho  means  to 
do  eo  could  bo  found,  whereas  roalism  indicatoo  tliat  this  aim  in  ultimately  unattainable,  and  tliat 
safety  should  not  bo  predicated  on  an  untenable  assumption.  Tho  notion  tliat  the  role  of  man  should  bo 
adapted  to  fit  toolmology  seems  at  variance  with  ths  optimum  use  of  man's  unique  attributes  of 
flexibility  and  ability  to  innovato.  It  loads  to  roles  for  which  tho  man  is  unsuited,  or  in  whioh  he  is 
inafl'ioient  end  oomotimea  potentially  unsafe.  Automated  aidB  are  most  sunoosaful  whan  they  do  not 
belie  thoir  description  but  do  offer  assistance  and  help  for  the  man's  cardinal  role.  A  future  trend 
should  be  to  keop  tho  man  active,  oooupiod,  busy  and  involved  in  air  traffio  oontrol  tasks,  Tho 
alternative  is  to  romova  him  from  tliom  altogether.  Technology  should  be  enlisted  to  dovolop  satisfactory 
rolon,  wlioro  the  critoria  include  tho  of  foots  of  tho  system  on  tho  well-being  and  interest  of  the  man, 
in  the  beliof  that  suoh  faotors  are  significant  for  safety  and  offioioncy.  Tho  basis  of  uuoh  relation¬ 
ships  does  however  need  further  exploration. 

A  mere  effective  synthesis  of  thooiy,  constructs  and  praotioo  is  required,  and  should  bo  rofleotud 
in  bettor  integration  of  experimental  techniques  such  as  paper  und  pencil  utudieG,  laboratoiy  experi¬ 
ments,  dynamic  and  interactive  explorations,  simulations  and  evaluations,  and  real-life  measurements, 
and  of  those  experimental  tooliniquos  with  others  suoh  ao  foot-time  simulation  and  modelling.  Basic  work 
is  util]  noodod  on  how  those  toclmiquoo  are  boot  used,  wlint  kinds  of  question  thoy  oan  answer  most 
validly,  and  which  methods  of  integrating  their  findings  aro  most  productive. 

Technological  advanoco  and  developments  in  liardwaro  and  software  introduce  new  kinds  of  dialogue. 
Thoro  is  widespread  ignorance  about  how  those  should  be  optimised,  and  ourront  dialogues  are  probably 
voiy  far  removed  from  tho  optimum  for  human  use  In  thoir  prooont  form.  They  also  bring  now  forme  of 
error,  and  new  kinds  of  potential  failure.  Tho  point  is  still  insufficiently  rocognisod,  in  relation  to 
error,  that  dooioiono  about  tho  denignu  of  diopluys,  contra Id,  oommuni cations,  tho  man-machine  intorfaoe, 
and  the  workspace  pradotormiiio  moot  of  tho  typos  of  human  error  that  aro  possible,  and  moot  of  the 
spool  l'io  orrora  that  will  bo  made. 

Perhaps  tho  Information  that  in  moot  essential  for  tho  controller  to  ensure  safety  and  efficiency, 
jonooms  how  the  oystom  functions,  how  it  oould  fail,  how  failure  could  bo  recognised,  and  how  recovery 
from  failure  is  possible.  Ths  typical  man-touchino  intorfaoe  in  air  traffic  oontrol  conveys  vsiy  little 
information  on  any  of  those  themes.  Tho  iron -machine  interface  may  foil  to  mako  tho  man’s  own  errors 
apparent  to  him  and  he  may  bo  unable  to  gauge  the  oonuoquenooa  of  any  errors  tliat  he  makos,  evon  whon 
ha  oan  detect  thorn.  Incipient  failure  of  the  oystom,  or  data  that  are  no  longer  trustworthy,  may  not 
bo  recognisable  by  tho  man,  and  perhaps  qualitative  information  must  be  restored  to  him  to  serve  such 
purposos.  In  some  instances  thoro  lias  boon  too  muoh  emphasis  on  proving  now  technology  and  in  developing 
toclinologioal  prinoiploo  as  far  as  they  will  go,  and  too  little  regard  for  the  offoots  of  technology  on 
the  man  himself,  au  distinct  from  his  efficiency  and  safety  as  a  system  component.  It  may  bo  that  ho 
oan  bocomo  highly  efficient  in  using  automated  speech  synthosio  und  recognition,  tut  in  no  longer  able 
to  cunmunicalo  well  with  real  people,  able  to  funotion  efficiently  as  a  member  of  a  co-ordinatod  team, 
or  abla  to  cope  with  tho  unprodiotabi lity  and  individuality  of  others.  The  problems  of  boredom  and  lack 
of  involvemont  may  bo  moro  prnvalent  and  moru  difficult  to  solve  than  the  problems  of  otross  and 
overloading  in  air  traffic  control,  but  tho  latter  iiavo  attracted  muoh  more  notice. 

Air  traffio  control  oeloction  and  training  nood  to  anticipate  changing  air  traffio  oontrol 
roquiromonto  rathar  than  lug  behind  them.  Training  may  need  to  emphasise  more  tho  understanding  of 
principles  rathor  than  follow  workod  examples  and  sot  procedures.  The  information  presented  to  the 
controller  at  hie  workspace  is  not  gonorally  intelligible  to  othor  people,  and  is  intelligible  to  him 
only  because  of  tho  knowledge,  understanding  and  skills  he  has  acquired  through  years  of  training.  These 
are  not  constant,  but  altor  with  new  air  traffio  oontrol  roquiromonts,  oquipment  and  demands.  It  is 
thoro  fora  not  possible  to  evaluate  r.ovol  information  displays  solely  with  reference  to  the  controller's 
existing  knowledge,  without  regard  to  thu  changes  in  it  tluxt  may  be  a  prerequisite  for  using  tbs  new 
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information  effective ly,  or  the  change a  in  the  information  that  may  he  needed  to  match  what  the  control¬ 
ler  already  knows  and  the  habito  ho  has  already  acquired.  The  dynamic  nature  of  this  interaction 
between  the  controller's  knowledge  and  the  information  presented  to  him  seeme  to  have  been  undereotimated, 
to  the  extent  that  serious  attempts  are  not  usually  made  to  matoh  the  content  of  the  controller's 
displays  with  his  thought  processes.  So  little  is  still  known  about  some  of  these  thought  processes 
that  it  is  uncortain  how  similar  the  thought  processes  of  different  controllers  faced  with  the  same  task 
are.  This  is  an  insubstantial  basis  on  which  to  extend  the  roles  of  information  displays  at  the  man- 
machine  interface  so  that,  for  oxamplo,  thoy  may  also  make  predictions  or  aid  the  man's  memory. 

Most  aids  in  air  traffic  control  aro  for  individuals  and  not  for  teams,  Their  efficiency  and  their 
effectiveness  are  assessed  primarily  in  relation  to  the  individual  for  whom  they  are  intended,  and  not 
in  terms  cf  their  oonsequenoes  for  team  structure  and  organisation.  Yet  air  traffic  oontrol  is 
essentially  a  team  activity:  this  helps  to  account  for  its  professionalism,  the  development  of  norms 
and  standards,  and  the  oloso  idontifioation  of  controllers  with  it.  Many  aids  tend  to  have  the  inciden¬ 
tal  effeot.a  that  air  traffio  control  teams  are  least  efficient  and  least  oohosive  uhen  they  are  hoavily 
loaded  and  when  concerted  team  efforts  are  needed  moBt.  The  progressive  reduction  in  the  role  of  speeoh, 
with  the  conoommitant  loss  of  the  qualitative  information  that  speech  convoys,  also  may  have  effects  on 
toam  functions  that  have  not  yet  been  properly  established.  Team3  have  a  major  influence  on  the  forma¬ 
tion  of  attitudes,  a  topic  that  has  not  reocived  the  attention  it  deserves  in  air  traffio  oontrol, 
although  it  may  bo  as  essential  t.o  instill  favourable  attitudes  towards  an  innovation  or  change  as  to 
demonstrate  its  benefits  in  system  terms. 

More  work  is  required  in  air  traffio  control  to  doteimino  the  reliability  and  validity  of  human 
factors  evidence,  with  particular  reforenoe  to  the  development  of  satisfactory  oritorion  moasuros  of 
known  high  validity.  Some  of  the  commonsense  and  empiri’il  assumptions  that  current ly  have  to  Guffioc 
do  not  always  stand  up  to  close  scrutiny.  Recommendations  based  on  them,  rather  than  on  hunan  factors 
evidenoo  derived  by  scientific  principles,  oan  be  misleading.  The  strength  of  evidence  on  which 
recommendations  are  made  should  often  be  stated  moro  clearly  than  it  is,  to  facilitate  judgments  on  the 
extent  to  whioh  human  faoters  recommendations  may  be  compromised  to  meet  other  interests,  without 
untoward  consequences . 

Attempts  to  prodiot  future  trends  and  problems  inevitably  underplay  past  end  current  achiovomonts. 
Thoro  have  boon  aomo  notable  successes  and  advances  in  tho  application  of  human  faotors  to  air  traffic 
oontrol.  Perhaps  of  most  significanoo  is  the  growing  recognition  that  human  factors  must  deal  with  man  as 
a  whole,  that  tho  human  factors  consequences  of  a  tcchnioal  or  planning  decision  can  extend  far  beyond 
its  ostensible  boundaries,  and  that  all  the  human  factors  implications  should  be  known  when  the  decision 
is  taken  because  thoy  will  all  bo  influenced  by  it.  The  human  factors  epeoialist  in  air  traffio  control, 
in  speculating  on  the  future,  can  see  that  his  own  work  will  continue  to  be  challenging  and  interesting, 
and  that  the  problems  that  arise  from  technological  innovations  must  be  matohod  by  equally  innovative 
human  factors  solutions. 
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figure  f3  Alphanumeric!),  nhov  inr,  label  overlap  and  legibility  impaired  by  method  of  generation. 
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APPENDIX  1 

VISUAL  DISPLAYS:  A  HUMAN  FACTORS  CHECKLIST 


INTRODUCTION 

Visual  displays  Have  recently  become  much  more  ooranon  because  of  major  improvements  in  thoir  speci¬ 
fication,  effioienoy,  appearance,  reliability  and  coot.  Visual  display  units  have  now  been  installed  in 
many  work  environments  whore  there  were  none  before,  and  the  general  experience  of  thorn  in  use  haa  been 
encouraging  enough  to  lend  to  their  further  proliferation.  For  many  users,  they  offer  the  proopeot  of 
significant  advantages,  euoh  as  a  more  optimised  work  environment.  In  air  traffio  control,  where  displays 
have  been  fami liar  for  decados,  the  new  display  technology  offers  many  human  factors  advantages  and  can 

reuolvo  or  reduce  many  of  the  most  reoaloitrant  human  factors  problems  of  the  past. 

The  following  is  a  comprehensive  list  of  factors  which  can  uffeot  the  interaction  between  the  visual 
display  and  its  operator,  and  whioh  therefore  are  potentially  relevant  to  the  efficiency  of  the  system 

and  the  well-being  of  the  man.  It  is  intended  to  servo  as  a  checklist  of  factors  that  Bhould  be  consi¬ 

dered,  and  to  indicate  the  range  of  influence  that  deoisions  about  displays  can  have.  The  liot  also 
mentions  topics  whioh  might  otherwise  be  neglected  but  which  should  not  be  ignored  when  decisions  are 
taken  about  display  specifications  and  functions.  Physical  environments  and  technical  specifications  of 
uoroons  differ:  therefore,  not  ovory  itom  in  the  list  is  applicable  to  every  display. 

Two  general  considerations  should  guide  tho  use  and  interpretation  of  this  list:  the  first  ie  that 
in  maty  contexts  visual  displays  have  now  been  in  use  for  some  time  without  giving  rise  to  any  human 
faotors  problems  so  that  in  prinaiple  the  human  faotors  requirements  for  visual  displays  can  generally  be 
mat)  the  second  is  that  human  factors  considerations  are  essentially  interactive  so  that  a  decision  on 
any  single  item  in  this  list  is  likely  to  influenoe  others,  and  no  decision  on  on  item  should  be  taken  m 
isolation  without  regard  to  its  ramifications  for  other  items  or  without  spools, list  human  faotors 
advice. 

Beoause  human  faotors  interact,  no  single  logical  principle  can  establish  an  ideal  order  to  be  fol¬ 
lowed  whenever  the  listed  items  are  considered.  For  some  purposes,  it  may  therefore  prove  advantageous 
to  conaider  the  main  headings  in  a  different  order. 

Normally,  the  human  factors  reooitmondations  for  a  specifio  context  are  a  function  of  oharuetoriotios 
of  tho  visual  display,  tho  physical  environment,  the  workapaoo,  adjacent  facilities,  the  tasks  and  tho 
operator.  Therefore  this  list  does  not,  and  cannot,  include  recommended  optimum,  minimum,  or  maximun 
figures.  Any  sources  whioh  give  firm  figures  without  qualification  should  bs  treated  oiroumopectly. 

Most  probably,  the  figures  havo  originally  be  derived  for  a  spooifio  environment  other  than  air  traffio 
control. 

The  optimum  almost  always  depends  on  particular  circumstances:  to  take  the  first  itom  os  an  example) 
thoro  is  no  single  optimum  sorosn  size  for  all  tasks,  environments,  workspaoos  and  operators  in  air  traffio 
control.  However,  for  eaoh  speoifio  oontext  the  most  appropriate  size  oan  be  determined,  given  tho 
relevant  evidence. 

CHARACTERISTICS  OF  THE  VISUAL  DISPLAY 
Pliysioal  Aspects 

So  re  on  Jlimonsions 
Size 
Shape 

Screen  Surface 

Surface  texture 
Refleotanoo 
Optioal  filters 
Curvature 

Sipoeptibility  to  glare 

Phosphor 

Colour 

Persistence 

Safety 

Standards  and  legal  requirements 

Radiation 

l onisation 

Shielding 

Kle  otri  cal 

Vioml  Attributes 

Picture  Quality 
Luminosity 
Contrast 
Clarity 
Stabi lity 

Oscillating  Hmunanoo 
Irradiation 
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Sources  of  Discernible  Picture  Instability 
Drift 
Blur 
Swim 
Shimmer 
Flicker 

Visual  Coding  (PByohophysical  Variables) 

Dimensions 

Point 

Lina 

Aroa 

Volume 

Shape 

Symmetry 
Labelling 
Symbo  la 
Alphanumerios 

Size 

Texture 

Contrast 

Brightness 

Inversion 

Colour 

Dominant  wavelengths  (Hue) 

Chroma  (Saturation) 

Value  (Brightness) 

Stability 

Movement 

Apparent  movement 

Blinking 

Flashing 

Additions  to  Codings 
Lines 
Boxes 

Asterisks  oto 
Absence  of  Information 

Picture  Generation 

Maximun  Amount  of  Information 

Consequsneaa  of  trying  to  exccod  maximum 
Uenowal  Hate 

Sequence  of  renewal  of  displayed  items 
Principle  of  Drawing 
Dot 

Matrix 

Line 

Analogue 
Size  of  Units 

Smallest  possible  change 
Smallest  disoriminable  oluuigo 
Capabi litios 

Piotorial 
Graphic 
Symbo  li  c 
Alphanumeric 
Limitations 
Dots 

Disoriminable  clusters 
Disoriminable  separations 
Straight  lines 
Length 
Jaggedness 

Anglos  of  lines  on  display 
Minimum  change  of  angle 
Curves 
Circles 
Inversion 
Colour 

Number  of  odours 

Interdependence  of  colours 
Light  output 

Number  of  Horizontal  Lines  on  Scroon 
Number  of  points  per  line 
Maximum  Number  of  Rows  of  Characters  on  Screen 
Maximum  number  of  oharaoters  per  row 
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Character  Design 

Alphanumeric  Characters 

Pont  (general  design,  equivalent  to  typeface) 

Case 

Upper 

Lower 

Body 

Symbolic  Characters 
Oonspicuity 
Discrimination 
Labelling 
Meaningfulness 
Proportions  of  Characters 

Height  (of  characters,  equivalent  to  point  size) 

Width 

Hoight/width  ratio 
Stroke  thickness 

Caps 

Between  adjacent  characters 
Between  rows  of  characters 

Crouping  of  characters  within  and  across  rows 
Grouping  of  rows 

Divisions  between  groups  of  rows 
Crouping  of  columns 

Divisions  between  groups  of  columns 

Adjustable  Variables  for  Setting-up  the  Display 

Variables 

Brightness/ Cont  raa  t 
Scale 
Colour 
Fooua 
Tolerances 

Adjustments  independent  of  physical  environment 
Adjustments  matched  to  visual  environment 
Variability  of  the  visual  environment 
llange  of  Adjustment 

Operator's  preference!) 

Nature  and  extent  of  possible  mismatches  with  environment 

T1IB  OPliUATOH'G  WORKSPACE 

The  Console 

Structure 

Bulk 

Effects  on  workspace 
Loadbearing  supports 
Accessibility  for  maintenance 

Constraints  on  housing  of  display  and  control  facilities 
Profi  Is 

Shelf  haight 
Sholf  r.  lope 
Shelf  thickness 
Shelf  aopth 

Angle  of  visual  display  in  relation  to  horizontal  or  vertical 
Size  of  visual  display 
Angle  of  other  displays  within  console 
Size  of  other  displays 
Plight  strip  boards 
Console  height 
Operator's  Position 

Anthropometric  data 

Range  of  body  sizes 

Choioe  of  percentiles  to  dotermino  design  range 
Seat  height 

Seat  adjustment 
Texture 
Back  support 
Seat  width 
Seat  depth 

Seat  slope 
Thigh  clearance 
Knee  room 
Leg  room 

Footrest 
Viewing  height 
Viewing  posture 
Slump 


Viewing  distance 
Viewing  angle 

Provision  .for  Ancillary  Equipment  and  Job  Aida 
Location 
Handling 
Stowage 

Rati  _  and  replacement 

Man-Maobine  l'uterfaoe 

Positioning  of  tne  Visual  Display 

In  relation  to  other  displays  in  the  immediate  workspace 
In  relation  to  general  wall-mo  uited  displays 
In  relation  to  Job  aids 

In  relation  to  other  sources  of  information  (e.g.  teat,  computer  print-out,  etc) 
fixed  or  adjustable  location  of  visual  display  position  or  angle 
Controls  for  the  visual  display  picture 
Other  lo b plays 

Wall  displays 
Dlar'*  "<  on  the  suite 
Pli  'i—pa 

Dlopj  *y»  for  uss  by  individuals  or  teams 
Displays  within  operator's  workspaoe 
Controls 
‘type 

Sensitivity 
Positioning 
Reach  distance 
Function 
Labelling 

Control-display  roluti<  'Chips 

Displayed  information  on  control  states 
Markers  on  displays 

Control  stato  us  indicated  by  controls 
Display  stats  as  indicated  by  controls 
Controls  for  other  displays  and  functions 
Coanuni cations 
Speech 

li/T 

Telephone 
Direct  speech 
JUai  litres 

Location 

U'-belliug 

Stowage 

Usage 

•'‘face  Textures 
Console 

Materials 

Colour 

Reflectance 

Control  puna Is  and  controls 
Materials 
Colour 
Haf leotance 
Other  displays 
Materials 
Colour 
Ref  leotoiwe 
Other  fu  ill  tied 

Compatibility 

Riaplay/Disploy 

Contents 

Layout 

CcdingB 

Methods  of  selection 
T lull  cations  of  malfvno  ’on 
Lght  outpvt 
Viewing  distance 
Vioml  aoooiotodation 
Visual  aonity 
’  vai<ht  ataado-rds  . 

Id  sp  .y/controJ 

Aneooietioaa  between  tho  visual  display  a  •  controls 
Associations  between  other  displays  and  t>w  onfcrols 
Compatible  controls  for  equivalent  display  fsm'itioni: 

Location  of  controls  to  show  display/ control  relationships 
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Control/Control 

He lativo  positions  of  panels 
Lo oat ion  of  each  panel 

Similarity  of  layouts,  filiations  and  logics  in  different  panels 
Variety  of  control  types 
Variety  of  control  sensitivities 
Variety  of  control  codings 

Possible  Misuses 

Visual  Msolsy  Information 

Controls 

Pa  ci  liti.es 

Equipment 

Environmental  Pastures 

THE  GENERAL  W015C  ENVIRONMENT 

Physioal  Environment 

Air  Temperature 
Humidity 
Venti lation 
Air  Plow 
Radiation 
Noise  Levels 

Type  of  noise 

Continue  us/inte  raittent 
Prequanoy 
Amplitude 
Sources  of  noiso 
Voice 

Movement  of  people 

Equipment 

inns 

Absorption  of  noise 
Floor  coverings 
Ceiling  coverings 
Walls  (plaster,  ourtaining,  oto) 

Headset  aooustic  properties 

Room  Lighting 

AdjuBtabi lity 

Controlled  (no  daylight) 

Variable  (daylight  or  exterior  darkness) 

Range  of  variability 

Additional  lighting  require  manic  (a  .g.  for  cleaning;  maintenance) 
Range  of  Levels  within  Room 
Pools  of  light 
Pools  of  darkness 
Reflections 
Glare 

Light  sources  riii-eotly  visible  from  work  positions 
Positioning  of  Jar  itraent3 
The  visual  di  ay 
Other  displays 
•Job  aids 
The  operator 

The  team  of  operators  on  a  suite 
The  location  of  suites 
Controls  and  control  textures 
Surfaces  of  equipment  and  consoles 
Ceiling,  walls,  and  floor 
Wavelengths  (Speotrum)  of  Room  Lighting 
Relationship  to  phosphor 
Appearance  of  visual  display 
Appearance  of  other  displays 
Appearance  of  hard  copy 
Supplementary  Looal  Lighting 
Visual  Textures 

Effects  of  room  lighting  on  appearance 
Ralal  -s  to  Visual  Eyesight  Standards 

Room  Layout 

Positioning 

Relative  looation  of  suites 
General  displays 
Intar-eurta  liaison 

Seeing  relevant  activities  and  information 
Not  seeing  irrelevant  activities  and  information 
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Accessibility 

Handovers 

Training 

Cleaning 

Maintenance 

Disruptions  caused  l>y  inadequate  accessibility 
Suites 

Flexibility  of  plan  for  suite  operation 
Flexibility  of  manning 

Juxtaposition  of  visual  displays  within  suites 
Plaoing  of  individual  workspaces  within  suito 
Provision  for  supervisors 
Provision  for  assistants 
Provision  for  training  on  suits 
Provision  for  extra  manning 
Bandboxing  and  combining  functions 
Flexibility  of  allocating  suites  to  functions 
Combinations  of  suites 
Provision  for  Movement 
'  Within  individual  workspace 
Within  suite 
Within  room 
To  and  from  room 

Off-Watch  Facilities  and  Amenities 

Relations  to  Workspace 
Looation 
Proximity 

Physical  environment 
Lighting 
Heating 
Ventilation 
TypBB  of  Faoilities 
Canteens 

Dispensing  maohines 

Restrooms 

Toi lets 

Lockers 


TASKS 

Choice  of  Visual  Display 

What  is  the  Purpose  of  the  Visual  Display? 

What  alternatives  to  a  visual  display  have  been  considered? 

Why  have  other  alternatives  been  rejected? 

Why  has  the  particular  visual  display  been  prererred? 

What  positive  advantages  does  the  visual  display  have  over  alternatives? 

What  disadvantages  does  the  visual  display  have  compared  with  alternatives? 

How  can  these  disadvantages  be  minimised? 

Tasks  as  Determinants  of  Usage 

Sources  of  Data 

ViBual  display  jxolusivoly 
Other  sources 
Visual 

other  visual  displays  on  suits 
Wall  displays 
Hard  copy  and  print  -oute 
job  aids 
Auditory 

Extent  of  Usage  of  Visual  Display 
Pull-time 
Part  -d;iBe 

What  proportion  of  time  is  spent  with  the  visual  display? 

What  is  the  visual  display  usage  shared  with? 

How  long  is  the  visual  display  viewed  continuously  without  looking  elsewhere? 

What  is  pattern  of  usage  among  displays? 

What  will  conser.uant  pattern  of  head  and  eye  movements  be? 

Will  this  pattern  generate  any  postural  and  visual  problems? 

Can  the  workspace  be  optimised  for  this  pattern  of  wage? 

Can  the  physical  environment  (especially  the  lighting)  be  optimised  for  this  pattern  of 
usage? 

Main  Influences  on  the  Pattern  of  Usage 
The  operator 
The  task 

The  appearance  of  information  on  the  visual  display 
The  appearance  of  information  elsewhere 
Auditory  information 
The  timing  of  machine  events 
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Other  factors 
Toole  Groupings 

What  are  thf  tasks  to  ha  performed  by  each  operator? 

How  have  they  been  allocated,  to  the  operator? 

How  have  taskB  been  grouped  together? 

How  has  the  grouping  of  tasks  influenced  the  choioe  and  location  of  the  visual  display  and 
of  other  displays? 

Has  a  job  analysis  been  conducted? 

Are  the  tasks  all  clearly  de.'ined? 

What  can  the  operator  improviie? 

Is  it  intended  that  he  should  be  flexible? 

To  what  extent  must  he  adapt  'o  the  system? 

Tasks  and  Contents  of  the  Visual  Hi.  play 

Does  the  operator  mainly  respond  to  events  on  the  visual  display  Su  that  its  content  largely 
determines  his  notions? 

Hoes  he  mainly  initiate  events  so  that  the  visual  display  content  is  a  respouse  to  his 
actions? 

How  much  of  the  information  on  the  visual  display  can  the  operator  himself  generate? 

How  have  the  tasks  influenced: 

The  type  of  display  chosen? 

The  amoisrt  of  information  on  the  visual  display? 

The  layout  of  information  within  the  visual  display? 

The  choice  of  information  codings? 

Is  the  information  on  the  visual  display  dynamic  or  statio? 

Is  it  necessary  to  discriminate  between  these  on  the  display? 

Is  the  information  oa  the  visual  display  temporary  or  permanent? 

Is  it  naoessary  to  discriminate  between  these  on  the  display? 

Is  the  updating  of  information  generally  manual  or  automatic? 

Is  it  Deoessary  to  discriminate  between  these  on  the  display'? 

Ib  the  introduction  of  new  information  generally  automatic  or  manual? 

Is  it  necessary  to  show  that  information  is  new? 

Hoes  the  conduct  of  the  task  automatically  determine  the  visual  display  content? 

Hoes  the  operator  have  to  seleot  appropriate  visual  display  contents  depending  on  took 
progress? 

Does  the  task  require  selective  call-down  of  information? 

Is  all  the  information  required  for  the  tank  available  on  selective  call-down? 

Can  the  operator  retrieve  all  the  data  whioh  the  task  demands? 

Can  the  operator  cancel  any  data? 

Can  the  operator  cancel  data  selectively? 

Is  ..here  a  need  for  an  automatic  reminder  to  oancel  data? 

Is  there  a  need  for  an  automatic  reminder  that  data  have  been  cancelled? 


htmotions 

In  relation  to  the  Task  Demands,  does  the  Visual  Display  Function  as: 

An  information  display? 

A  memory  aid? 

A  problem  solver? 

A  decision  maker? 

An  attention  getter? 

A  prediotor? 

A  feedback  of  the  effoots  of  notions? 

A  teaching  aid? 

to  indicator  of  requirements? 

A  warning  indicator? 
to  indicator  of  delays? 
to  indioator  of  errors? 

An  indicator  of  omissions? 
to  indioator  of  system  status? 
to  indicator  of  task  progress? 
to  indioator  of  serviceability? 

A  summary? 

Human  Limitations 

is  all  the  Information  whioh  Job  Analysis  shows  to  be  Necessary  on  the  Display  Presented  in  Most 
Usable  R>rm  in  terms  of: 

Its  rate  of  presentation? 

Its  order  of  presentation? 

Its  level  of  detail? 

Its  total  amount? 

Its  level  of  collation  and  integration “> 

Its  use  of  codings? 

Its  use  of  meaningful  symbology? 

Its  use  of  the  operator’e  existing  knowledge? 

The  minimising  of  errorB,  delays  and  omissions? 

The  requirements  for  the  acquisition,  development  and  exeroise  of  skills? 

The  provision  of  adequate  knowledge  of  results  and  of  progroGS? 
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What  Information  Required  for  the  Tasks  Cannot  be  Presented  on  the  Visual  Display  or  Obtained  from 
Other  Information  Sources? 

What  provision  has  been  made  to  provide  thiB  information? 

What  are  the  consequences  for  task  performance  of  not  providing  it? 

In  What  Reepeots  Does  Task  Performance  Rely  Mot  on  Information  Displayed  on  the  Visual  Display  or 
Available  Elsewhere ,  but  on  the  Following  Attributes  of  the  Operator? 

Know ledge 

Experience 

Training 

Obeying  instructions 
Following  procedures 
Memory 

Understanding 

Interpretation 

Prediction 

What  Information  Appears  on  the  Visual  Displays 
Automatically  whenever  it  oooura? 

Optionally,  depending  on  circumstances? 

Never,  unless  the  operator  puts  it  thare? 

Flexibility  and  Visual  Display 

How  Variable  are  the  Tasks  and  the  Ciroumstances  Ihder  Whioh  They  are  Done? 

What  provision  has  been  made  for  the  operator  to  generate  his  own  display  and  to  put  the 
information  of  his  own  choice  on  it? 

How  does  the  operator  know  what  information  is  available  for  display? 

How  far  does  the  display  indicate  the  options  available  to  him? 

To  what  extent  does  it  lead  the  operator  through  these  options 
What  feedback  is  there  on  the  display  of  the  operator's  aotionB  and  their  couBequsnoes? 

How  far  oan  the  display  funotion  as  an  automated  teaohing  aid 
How  Does  the  Display  Cope  with: 

Errora? 

Omissions? 

Discrepancies? 

Unintelligible  information? 

Unaervioeabi  lity? 


Teams  and  the  Visual  Display 


Are  the  Tanka  for  Which  the  Visual  Display  is  Used  Team  Tasks  or  Individual  Tasks? 

Do  team  members  share  the  same  tasks? 

Do  different  team  members  do  different  tasks: 

Concurrently 

Consecutively 

DoeB  the  Visual  Display  Permit  the  Following  Team  Functions  to  be  Performed  Efficiently: 
Co-ordination? 

Liaison7 

Handovers? 

Supervision? 

Assistance? 

Qn-the-job  training? 

Consultation? 

Task  splitting? 

Task  sharing?  . 

Bandboxiug? 

Extra  tasks? 

What  does  the  Visual  Display  Show  about  the  Performance  and  Efficiency  of  Other  Team  Members? 

What  flexibility  of  team  composition  and  manning  levels  is  envisaged? 

Is  the  Visual  Display  Used  in  Relation  to  Team  Composition  and  Manning  for: 

Task  allocation? 

Task  sharing? 

Dividing  responsibilities? 

Showing  the  ourrent  allocation  of  responsibilities? 

Regrouping? 

The  separation  of  groups  of  tasks? 

Thu  combination  of  groups  of  tasks? 


Loading 

Capacity  c*.  the  Visual  Display 

H  v  does  the  visual  display  re  pie  sent  variations  in  task  demands? 

L'nat  is  its  programmed  maximum  capacity  for  information  display? 

What  seta  the  limitB  on  that  oapaoity? 

What  probability  is  there  that  task  demands  will  exceed  these  limits? 

How  does  the  information  on  the  visual  display  indicate: 

That  the  limits  have  been  exceeded? 

That  the  limits  are  about  to  bo  exceeded? 

Task  Demands 

How  have  all  the  task  demands  beon  envisaged  and  met? 

What  new  task  demands  oould  the  visual  display  be  adapted  to  meet? 

How  does  the  visual  display  help  tha  recovery  from  failures  to  meet  task  demands? 
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What  olaasi fication  of  tasks  has  been  employed? 

Does  this  classification  show  their  importance  and  frequency? 

Have  any  tasks  been  omitted  from  the  classification? 

How  does  the  visual  display  influence  workload? 

Does  the  operator  control  and  set  the  pace  of  work? 

What  aspects  of  the  information  on  the  vieual  display  would  be  measurable  in  order  to 
assess  workload? 

What  measures  of  the  efficiency  of  task  performance  could  be  derived  from  the  visual  display 
and  its  usage? 

THE  IM DIVIDUAL  OPERATOR 

Biographioal  Data 

Age 

Sez 

Training 

Courses 

Experience 

knowledge 

Previously  Experienced  Displays  Relevant  to  the  Vieual  Display 

Previously  Experienced  Tasks,  Acquirou  Habits,  and  Their  Compatibility  with  Tasks  Using  the  Visual 
Display 

Possible  consequent  misinterpretations 
Familiarity  of: 

Instructions 

procedures 

Required  level  of  flexibility 
Codings 

Physical  Factors 

Physical  and  Medioal  Standards 

Eyesight 

Posture 

Anthropometry o  Body  Dimensions 
Tolerance  of  tho  Physical  Environment 
Reaoh  Distances 
Viewing  Distances 

Tasks  requiring  the  whole  visual  display 
Tasks  requiring  part  of  the  vieual  display 
Influence  of  Selection  and  Training  on  the  Usage  of  the  Visual  Display 

Individual  Work  Needs 

Opportunities  for: 

Skill 
Effort 
Challenge 
Initiative 
Innovation 
Adaptability 
Floxibi  lity 
Job  Interest 

Job  satisfaction 
Advancement 

Career  prospects 
Reeponaibi litiee 
Status 
Moralo 

Unwanted  Attributes 

Irre levant  information 
Irrelevant  skills 

Failure  to  forget  what  io  no  long  relevant 
Adverse  Individual  Reactions 

Possible  Reported.  Adverse  Symptoms  in  Individuate  Uoing  a  Visual  Display 

Nausea 
Tired  eyeB 
Fatigue 
Headaches 
General  malaise 
Stiffness 
Muscle  aoho 
Bj  acomfort 

Prevalence  of  Reported  Symptoms: 

Ti  ming 
Severi  ty 
Persistence 
Onset 

Disappearance 
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Accaptabi  li  t/  of  the  Visual  Display  Unit 
Physical  Appearance 

Aesthetic  qualities  in  relation  to  the  visual  environment 
Immediacy  of  aesthetic  judgements  and  attitude  formation 
Impression  of  thought  and  oare  in  design  and  layout 
Use  of  attributes  of  high  acceptability  (o.g.  colour  coding) 

Evidence  of  Acceptability 

Extent  to  which  the  advantages  of  the  visual  display  have  been  successfully  conveyed  to  users 
Knowledge  of  visual  displays  in  successful  operation  elsewhere 
Correct  imderstanding  of  what  the  visual  display  is  for 

y. ’lingness  and  ability  to  use  the  visual  display  os  it  is  intended  to  be  used 
Misunderstandings  of  the  designer's  intentions 
The  roles  of  supervision,  of  management  and  of  assistance  in  relation  to  the  visual  display 
user 

The  experience  of  learning  to  use  the  visual  display 

Success  in  overcoming  any  difficulties  in  using  tha  viBual  display 

Direat  or  indirect  reports  of  success  by  others 

Interactions  between  task  demands,  display  format  and  content,  and  subjective  impressions  of 
the  visual  display 

The  expected  pace  of  tasks  using  the  visual  display 
VIEWING  PATTERNS 
Short  Term 

Head  and  Eyo  Movements 
Scanning  patterns 
Task  demands 

Continuous/intermittent  use  of  the  visual  display 
Patterns  in  using  other  displays 

Degree  of  operator's  control  over  task  demands  and  scanning  patterns 
frequency  of  changing  view  between  the  visual  display  and  other  displays 
Constanoy/variabi lity  of  visual  viewing  distances 
liefoousing 

Constancy/variabi  lity  of  luminous  flux  of  visual  display  and  other  displays 
Changes  in  pupil  size 

Duration  of  continuous  viewing  of  each  display 
Medium  Term 

Work-Rest  Qyoles 

Normal  maximum  period  of  continuous  work  in  the  visual  display  environment 

Rest  environment  facilities 

Daily  schedule 

Hours  per  week 

Shift  work 

Traditional  practices 
Work  demands 
Aoceptabi  lity 
Work  and  Horae  Environments 

Visual  displays  in  the  home  (TV) 

Similar  postures  and  visual  tasks  at  home  and  work 
Interactions 
Cumulative  effects 
Optimisation  of  visual  environment 
At  work  -  guidelines  followed 
At  home  -  not  usually  possible 

Attribution  to  work  environment  or  to  home  environment  of  any  physical  symptoms  apparently 
associated  with  visual  displays 


Long  Term 

Attribution  of  Effects 

He leotion  according  to  minimum  eyesight  standards 

Expected  frequency  of  astigmatism  among  controllers  compared  with  whole  population 
Long  term  charges  in  eyesight 

Normal  changes  in  eyesight  with  ageing 
Changes  associated  with  use  of  visual  display 
Robustness  of  eyeB 

Eyes  generally  not  affected  much  by  tasks 

Eyas  generally  not  affeotod  much  by  any  optimised  visual  display 
Visual  displays  considered  in  ocuiar  contexts  (cf.  o.g.  jewellor,  cartographer) 
Long  term  visual  symptoms 
Physical  environment 
Non-optimirod  installation 
Inadequata  selection  of  operators 
Visual  display  itself 

Failure  to  adapt  general  visual  onvi ronment  to  visual  displays  installed 
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The  Wo rat  Case 

The  visual  display  must  be  satisfaotory  for: 

The  operator  when  he  is  most  tired 
The  operator  with  mini  nun  experience 
The  operator  with  minimum  eyesight  standards 
The  most  adverse  physical  environmental  conditions  that  can  oocur 
The  visual  display  at  the  end  of  its  useful  life 
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